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NOTICE

This report was prepared as an account of Government sponsored
work. Neither the United States, nor the National Aeronautics

ond Space Administration (NASA), nor any person ocﬂng on
behalf of NASA:

A) Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or' usefulness of the information contained in this
report, or that the use of any information, apparatus,
method, or process disclosed in this report moy not
infringe privately owned rights; or

B.) Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method or process disclosed in
this report.

As used above, “person acting on behalf of NASA® includes
any employee or contractor of NASA, or employee of such con-
tractor, to the extent that such employee or contractor of NASA,
"or employee of such contractor prepares, disseminates, or
provides access to, any information pursuant to his employment
or contract with NASA, or his employment with such contractor.

Requests for copies of this report
should be referred to:

ional Aeronautics & Space Adxnlnlstratlon

alt
21&)0 Brookpark Road '
Cleveland, Ohio 44135 ‘
A‘Lm Contractlng Officer

Spac:e Power Systemq Procurement Sectlon

MS 500-309 _ ‘ 7
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FOREWORD

The work described herein was performed by the General Electric Company
under the sponsorship of the National Aeronautics and Space Administration under
Contract NAS 3-2547, The purpose was the preparation of comprehensive material
and process specifications for the procurement, cleaning, and joining of refractory
alloys and for the procurement, purification, and handling of the alkali metals,
The ®vefractory alloys and alkali metals are to be used in the construction and
evaluation of a boiling and condensing potassium corrosion test loop. Although
the specifications found herein contain the General Electric Company's designation,
anyone who so desires is encouraged to use the contents of the prepared specifica-
tions and assign their own specification numbers.

The refractory alloy material and process specifications were prepared by
Mr. D, N, Miketta (deceased) under the direction of Mr., R. G. Frank, Manager,
Physical Metallurgy. Specifications for joining were prepared by Mr., W. H, Kearns
and Mr. W. R. Young, Manager, Joining and Fabrication. Alkali metal specifica-
tions were prepared by Dr. R. B, Hand, Manager, Chemistry and Physics, This work
was administered for the General Electric Company by Dr. J. W. Semmel, Jr., Man-
ager, Materials and Processes. Mr. E, E, Hoffman, Manager, Corrosion Technology,
acts as Program Manager of the Potassium Corrosion Test Loop Development Program
which will evaluate the material performance. Messieurs T. A, Moss and R, L.
Davies are the Technical Managers for the National Aeronautics and Space Adminis-
tration,
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I. INTRODUCTION

A forced circulation, two phase boiling and condensing potassium loop test-
ing program is being conducted under NASA Contract NAS 3-2547 to develop a
Prototype Corrosion Test Loop for the evaluation of advanced refractory contain-
ment and turbine alloys in enviromments which simulate projected space electric
power systems. The Prototype Corrosion Loop consists of a two-loop -Cb-1Zr alloy
facility; sodium is heated by direct resistance in the primary loop and is used
in a heat exchanger to boil potassium in the secondary corrosion test loop.
Heat rejection for condensation in the secondary loop is accomplished by radiation
in a high-vacuum environment. The corrosion test design conditions for the
Prototype Loop are shown below; however, it is expected that the temperatures
could be increased by about 400°F when testing is extended to include advanced
refractory containment alloys that are stronger than Cb-1Zr alloy:

1. Boiling temperature - 1900°F

2. Superheat temperature - 2000°F

3. Condensing temperature - 1350°F

4, Subcooling temperature - 800°F

5. Mass flow rate - 20 to 40 lbs/hr

6. Boiler exit vapor velocity - 100 to 150 ft/sec

7. Average heat flux in the boiler - 50,000 to 100,000
BTU/hr ft2

Prior to the construction and operation of the Prototype Corrosion Test Loop,

two other Cb-1Zr alloy test loops were constructed and operated in a series of
component evaluation and endurance tests. Loop I, a natural convection loop,

was operated for 1000 hours with liquid sodium at a maximum temperature of 2250°
to 2380°F to evaluate the electrical power vacuum feedthroughs, thermocouples,

the method of attaching the electrodes, the electrical resistivity characteristics
of the heater segment, and the use of thermal and electrical insulation. Loop II
a single-phase sodium, forced-circulation loop to evaluate the primary loop EM
pump, flowmeter, flow control and isolation valves, and pressure transducers has
completed 2650 hours of scheduled testing at a pump inlet temperature of 1985°F.

This report covers the preparation of material and process specifications
for the procurement, cleaning, and joining of refractory alloys and for the pro-
curement, purification, and handling of the alkali metals to be used in the
fabrication and evaluation of the test loops. The major objective in the prepar-
ation of the specifications was to assure the utilization of only high quality
products with uniform and reproducible properties.
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II. PROCUREMENT OF REFRACTORY ALLOY MILL PRODUCTS

A, Material Specifications

The material specifications that were prepared and utilized for the pro-
curement of refractory metals and alloys for Tasks I-IV of the Potassium Corrosion
Test Loop Development Program are listed in Table I and are reproduced in Appendix
A. By far the greatest bulk of material required for the construction of Loops
I and II and the Protctype Loop was bar and rod, sheet, plate and foil, and seam-
less tubing and pipe of Cb-1Zr alloy. Small quantities of Mo-TZM alloy bar for
the turbine simulator and valves and T-111 alloy bar and sheet for the fast re-
sponse transducer were required. In addition, trial orders for small quantities
of thin wall seamless tubing of T-111, T-222, and D-43 alloy were placed to deter-
mine the feasibility of fabricating bellows from the higher strength columbium
and tantalum alloys. Preparation of the specifications for T-111, T-222, and D-43
alloys are discussed elsewhere (1). Subsequent to issuing the material specifica-
tions, a revision was nade in the specification numbering system; both the re-
vised and original specification numbers are shown in Table I and on the cover
sheet of each specification in Appendix A.

Generally, it was found that the inclusion of detailed processing procedures
in the specifications for Cb-1Zr allcy was tco restrictive, particularly in the
production of large bar and tube hollows. Assurance of obtaining the desired
quality product can be achieved by «atablishing more stringent requirements in
other sections of the specificatioas, i,e., stress-rupture properties. Also, it
was found desirable to estazbiish specifications for applications of varying re-
quirements, i.e., structural or ncastructural, As a result, the specifications
for Cb-1Zr alloy mill products have been revised and re-issued. The revised
specifications for Cb-1Zr allcy are listed in Table I1.and reproduced in Appendix B.

It can be concluded that the existence of fairly stringent specifications

contributed significantly to the successful procurement of generally high quality
mill products.

B. Vendor Selection

The procurement of the refraciory 2iloy mill products for the program was
initiated by perscnal visits by Taneczl Electric personnel to vendors representa-
tive of the industry and coansidered capable of supplying the program's material
needs. The purpose of these visits were: 1) to review vendor facilities and pre-
vious experience in producing the desirsd rill products of the alloys of interest,

(1) Miketta, D, N., and FPrazk, R. G., Potassium Corrosion Test Loop Development,"
October 1, 1965, NASA Contract NAS 3-2547, NASA~-CR-54761.

PRECEDING PAGE BLANK NOT FILMED.
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i.e., primarily Cb-1Zr alloy, 2) to present the program's technical requirements
and material delivery schedules, and 3) to review the NASA-Lewis quality assurance
program provisions for research, test, and development programs (QA-2a). The
vendors contacted were:

1. Wah Chang Corporation, Albany, Oregon

2. Kawecki Chemical Company, Boyertown, Pennsylvania
3. Stellite Division, UCC, Kokomo, Indiana

4. Superior Tube, Norristown, Pennsylvania

5. Stauffer Metals Division, Richmond, California

Formal inquiries to supply Cb-=1Zr alloy mill products were prepared and sub-
mitted to the vendors for quotation, The inquiries covered the entire scope of
standard mill preducts ranging from foil, sheet, plate, and bar to pipe and tubing
of various diameters and wall thicknesses, The Generzl Electric Company, Space
Power and Propulsion Section specifications 01-00603-02-B, "Bar, Rod, Sheet, Plate
and Strip: Columbium~1% Zirconium” and 01-0004-02-F, 'Seamless Tubing: Columbium-
1% Zirconium Alloy" formed the basis around which the inquiries were framed. In-
vitations to bid on the entire Cb-1Zr alloy requirements were offered to Wah Chang
Corporation, Kawecki Chemical Company and Stauffer Metals Division. Vendors
whose stated interests were limited to specific mill products were given the op-
portunity to quote on those items within their realm of activity, i.e., Superior
Tube Company, Wolveriane Tube Division, and Bishop Tube Company for hollow products
and Stellite Division, UCC, E. I. DuPont de Nemours, and Fansteel Metallurgical
Corporation for mill products of solid cross section.

The quotations were carefully reviewed and composite tabulations were pre-
pared for purposes of comparison with emphasis of the final vendor selection
being plazced on adherence to the specification, price, delivery, and previous
experience with that vendor on past programs, In general, adherence to the re-
quirements of the specifications was satisfactory. The greatest and most re-
peated areas of concern on the part of the vendors arose from the number of tests
required, the stress-rupture requirements, and the defect level and techniques
specified in the ultrasonic inspection section of the specifications. Mutual
agreements on minor modifications to the specifications were reached in all cases.
Several vendors who. could not fulfill the ultrasonic inspection requirements of
the specifications were persuaded to enlist the services of outside testing
sources specializing in that type of inspection. Where invocation of the overall
specification was impractical and unnecessary, i.e., wire and foil, only those
paragraphs of the specification dealing with chemistry, particularly interstitial
levels, and general soundness and cleanliness were specified,

One product, the 0,.008-inch thick wall tubing of Cb-1Zr alloy, had to be pro-
cured on an "aim for" basis because of a lack of background data and experience
to ensure the vendor of meeting the spécification, The resulting product was




- ey S o WS

:
)

higher in oxygen content (868 ppm) than desired, and although satisfactory bellows
were fabricated from the product, it was appropriate to determine whether 0.008-
inch thick wall tubing could be obtained within the basic specification (300 ppm
oxygen maximum) from another source. A trial order on an "aim for' basis to
specification 01-0004-02-B was placed for 50 pieces of Cb-1Zr alloy 0.375-inch
OD x 0.008-inch thick wall x 7-inch dong tubing from Wolverine Tube Division.

At the same time a similar order was placed with Wolverine Tube Division for D-43
alloy tubing to determine the feasibility of processing thin wall tubing of an
advanced high strength columbium alloy. As was expected, utilization of the
vacuum annealing facilities at Wolverine Tube Division resulted in the production
of thin wall, columbium alloy tubing hav%;g an oxygen content below 350 ppm.

The small quantity of Mo-TZM bar for the turbine simulator and for the valve
components were purchased from Climax Molybdenum Company to their specification
(CMX-WB-TZM-1) ., The T~-111 tantalum alloy bar and foil were ordered from National
Research Corporation (NRC) to purchase order type specification., It also was
deemed desirable to obtain preliminary experience in the production of thin-walled,
high strength tantalum alloy tubing. Purchase orders were placed with National
Research Corporation for 50 pieces each of 0,375-inch OD x 0,008-inch thick wall
x 7-inch long tubing of T-111 and T-222 alloys to General Electric specifications
01-0035-00-B and 01-0036-00-C,

Table III summarizes the refractory alloy requirements for the Potassium

Corrosion Test Loop Development Program and the final selection of the vendors
and the particular products each vendor supplied for the program,.

C. Quality Assurance

The quality assurance program was established to provide adequate identifica-
tion and documentation of the gquality of the refractory alloys used in the construc-
tion of the test loops. In addition, the information acquired in the quality
assurance program would fulfill the material documentation required for the test
history of the loop components.

The majority of the quality assurance measures were performed and certified
to be within specification by the materials producers and check tests performed
by the General Electric Company generally were limited to chemical analyses of
the interstitial elements, metallographic examination, hardness measurements,
and visual inspection of the incoming products:

Upon receipt of material from the material producers, a Material Control
Number (MCN) was assignhed to each homogeneous lot of material. A homogeneous
lot included all material of the same size, shape, condition, and finish from
one heat of material and which had received the same processing, had been annealed
in the same vacuum annealing charge, and had been processed in the same manner
in all operations in which the processing temperatures exceeded 500°F. Control
of the assigned Material Control Numbers, Quality Assurance Test Records, and
Material Disposition was aided through the appropriate use of the record forms
shown in Appendix C.
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A listing of the refractory alloy mill products procured for the program, the
specifications to which they were procured, and the results of the quality assur-
ance tests is presented in Tables IV through VII., A summary of the quality assur-
ance test results with respect to meeting the requirements of the specifications
is shown in Table VIII.

In general, it was evident that careful attention was given to the production
of the mill products by the material producers. The only discordant note in
visual inspection was found in the Cb-1Zr alloy tubing items; many tubes sustained
evidence of scratches and nicks on the outside diameters as a result of poor
handling and packing methods employed by the vendor. With the exception of the
0.008-inch thick wall tubing received from one vendor (MCN 410) and two lots of
0.002-inch foil (MCN 401 and 482), all the Cb-1Zr alloy mill products received
have satisfied the interstitial element product analysis requirement of the
specifications. The 0,008-inch wall tubing was higher in oxygen and:carbon con-
tent than desired and the 0,002-inch thick foil was high in carbon content. How-
ever, in some instances, there was considerable deviation from the analyses supplied
by the vendors and those oktained at General Electric. These variations attest
to the continuing reluctance expressed by most vendors in having a two source
check analysis of interstitizl levels as a tasis for rejection of refractory metal
products. A summary of the variation in interstitial element content with the
section size of the smaller Cb-1Zr alloy mill products is given in Table IX.

All the Cb-1Zr alloy mill products met the room temperature tensile and hard-
ness requirements of the specifications and of those items tested for stress-
rupture strength, one item, the 2-inch diemeter bar (MCN 425), failed to meet the
requirements. The grain size of all bar, sheet, plate, and tube with a wall
thickness greater than 0,065 inch was well within the specification limits. The
microstructure of a 0.375-inch OD x 0.065-inch thick wall tube is shown in Figure
1. Although the thin wall tubing, 0.008 inch and 0,025 inch, failed to meet the
general grain size specificatiomn, the limits for thin wall tubing were over re-
strictive from a production standpoint and the grain size specification subse-
quently has been relaxed from the required 30 grain boundary intersections across
the wall thickness to a maximum ASTM standard grain size number of 6. The two
items of tubing that failed to meet the original specification would meet this
requirement. The microstructure of a 0,375-inch OD x 0.008-inch thick wall tube
is shown in Figure 2, All tubing items passed the hydrostatic and flare test
requirements.

Nandestructive testing of Cb-1Zr alloy mill products for surface imperfections
and internal defects generally found the material to be of high quality, except
that. a few surface tears were found on the 0.500-inch diameter bar, the surface of
some of the tubing was rough, and six 0,375-inch OD x 0.065-inch thick wall tubes
and three of the 1.0-inch OD x 0.100-inch thick wall tubes were rejected for in-
ternal defects greater than 3% of the wall thickness, However, in all cases it
was possible to remove the identified defective areas and utilize the balance
of the tube in the construction of the loops. A typical ID defect in a 0.375-inch
OD x 0.065-inch thick wall Cb-1Zr alloy tube is shown in Figure 3.
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Examination of the quality assurance tests performed on other refractory metals
and alloys utilized in the program will reveal that the unalloyed tantalum and Mo-
TZM alloy mill products met all the specified requirements., The microstructure of
the Mo-TZM alloy one-inch diameter bar used for the machining of the blades in the
turbine simulator is shown in Figure 4. However, all four items of the T-11l1 alloy
failed to meet specifications: the hafnium was below the 2,0% minimum on three
items; carbon was above the 30 ppm maximum on three items; tensile elongation was
below the 15% minimum on one item; and major ultrasonic defects were found in the
one-inch diameter bar.

Of the trial orders placed for 0,375-inch OD x 0.008-inch thick wall tubing
of Cb-1Zr, D-43, T-111 and T-222 alloys, acceptable tubing was received from
Cb~1Zr and T-111 alloys with the exception of carbon content. However, there
was considerable disagreement between the vendor and General Electric analyses
of the carbon in the Cb-1Zr alloy tubing, i.e., 79 ppm vs 145 ppm, respectively,
with the specification being 100 ppm maximum, Regardless, a considerable reduction
in interstitial element content was realized in the Cb-1Zr alloy tubing received
from Wolverine Tube Division:

Chemical Analysis, ppm

Vendor C o N H
Wolverine Tube Division 79/145 260/347 35/8 7/8
Superior Tube Company 210/150 660/827 72/106 9/1

The microstructure of the Cb-1Zr alloy tubing received from Wolverine is shown
in Figure 5.

The carbon content of T-111 alloy tubing was significantly higher than the
specification (75 ppm maximum) as analyzed by the vendor and General Eleetric,
i.e., 197 ppm and 225 ppm, respectively. The microstructure of the T-111 alloy
is shown in Figure 6.

No tubing was received of T-222 alloy due to the inability of the vendor to
produce the material; the D-43 alloy tubing generally was of poor quality with
respect to surface condition, Figure 7,
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III. MATERIAL CLEANING AND JOINING

The processing specifications utilized in the fabrication of Loop I, Loop II,
and the Prototype Loop for the Potassium Corrosion Test Loop Development Program
are listed in Table X and are reproduced in Appendix D. In general, these speci-
fications provided excellent guidelines for the processes involved,

Certain technological advances made during the past two years have provided
information which will be incorporated into future specifications to be used for
the fabrication of a T-111 tantalum alloy loop under NASA Contract NAS 3-6474,

The welding specification for Cb~-1Zr alloy, 03-0005-00-A, did not require: mon-
itoring of gaseous impurities within the welding chamber, However, as described
in TJopical Report No. 1 (2), procedures have been developed for monitoring

the helium within the welding chamber. Limits on the levels of oxygen, nitrogen,
and water vapor in the welding chamber will therefore be incorporated into re-
vised welding specifications for refractory metals and their alloys. The in-
clusion of the postweld annealing requirements within the body of the welding
specification presented some difficulties in quality control documentation due to
the fact that a substantial number of welds were usually annealed in one furnace
run, Therefore, the postweld annealing operation will be incorporated into a
separate specification for future work., Also, it was found that many commercially
available vacuum furnaces could not maintain the specified 1 x 10'5 torr pres-
sure at the 2200°F annealing temperature., This vacuum requirement will be re- -
tained in future specifications since the technical requirements have not changed.
The specification will place additional emphasis on furnace qualifications by
chemical analysis of samples and on the use of protective refractory alloy foils
for wrapping components,

The chemical cleaning specification, 03-0010-00-B, was implemented without
difficulty after preliminary adjustment of the acid cleaning solution temperature
which was specified to be 100°-125°F, At these bath temperatures, heating of
parts due to the relatively rapid chemical reaction resulted in the formation of
a white film during transfer to the water rinse tank. This problem was elim-
inated during the cleaning of loop components by maintaining the acid cleaning
bath at room temperature,

Handling procedures which were used during assembly were defined on manu-
facturing instructions. These instructions were designed to provide both the
processing sequence information and the requirements for cleanliness control.

In future work, a separate specification will be prepared for cleanliness control
during processing, i.e., forming, welding, and assembly operations, in order
to simplify the quality control documentation.

The other specifications presented no obvious deficiencies and will be used
for future work with minor modifications.

(2) &yon, T, F,, Potassium Corrosion Test Loop Development Topical Report No. 1,
Purification and Analysis of Helium for the Welding Chamber,” July 1, 1965,
NASA Contract NAS 3-2547, NASA-CR-54168.
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IV. PROCUREMENT, PURIFICATION, AND HANDLING OF ALKALI METALS

Four specifications for the procurement and purification of high purity
alkali metals were prepared for utilization in the program., These specifications
are listed in Table XI and are reproduced in Appendix E, Included in the speci-
fications reproduced in Appendix D are minor changes in the maximum allowable im-
purities that were made in May 1965. In the case of both sodium and potassium,
the maximum allowable limits for some impurities were increased to coincide with
the precision limitations of the emission spectrographic techniques currently in
use. These maxima have been increased from 1 ppm to 5 ppm.

High purity reactor grade sodium for the program was procured from U.S.
Industrial Chemicals Corporation (USI), Ashtabula, Ohio. Although USI took ex-
ception to specification 01-0031-00-B with respect to the maxima specified for
impurities, only once have they failed in a minor way to meet the limits in the
specification. In this instance they obtained a value of 63 ppm oxygen instead
of the specified 50 ppm. The Mine Safety Appliance Research Corporation, Callery,
Pennsylvania, weuld also supply scdium to specification 01-0031-00-B, again with
several exceptions with regard to the maximum allowable impurity limits and the
number of elements specified. ©Other vendors ccntacted either refused to quote
or took exception to the specification on the basis that the cost would be ex-
cessive to determine whether or not they could meet the specification, parti-
cularly with regard to developing appropriate analytical methods.

Certain impurity elements of interest in sodium are listed in Table II of
specification 01-0031-00-B, with the maximum allowable concentration limits de-
signated as "unspecified”. Vendors normally do not analyze for these elements
and, consequently, have no prior knowledge on which to base limits for their
product. However, analyses of as-received sodium that were conducted for the
General Electric Company by the Nuclear Materials Equipment Corporation have
generally shown concentrations of less than 10 ppm each for these elements.

The only vendor who would ccuply with the specification for high purity’
potassium, 01-0033-00-B, was Mine Safety Appliance Research Corporation (MsA) .
All potassium that was procured for the program was obtained from MSA. MSA will
guarantee all sections of the specification and, in addition, will guarantee a
carbon content of less than 59O ppm,

Overall, it is believed that the specifications for the procurement of high
purity sodium and potassium are realistic and no changes are planned in their
content at this time, However, beth specifications should be revised in the
future in order to eliminate or modify the requirement that sodium should assay
99,95% and potassium, 99.99%. It is obvious that if all impurities present were
at the allowable maxima these requirements could not be met. It is intended to
place a maximum on the sum of the coancentrations of all elements for which
analyses are made.

-]1]-
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Specifications 01-0032-00-B, 'Hot Trapped Reactor Grade Sodium Metal', and
01-0034-00-B, 'Hot Trapped High Purity Grade Potassium Metal’, also were revised
in May 1965. Included in the revisions were the up-dating of the referenced
specification numbers, increasing the maximum allowable limits of cobalt, boron,
silver, and molybdenum from 1 ppm to 5 ppm and reducing the requirement for the
minimum hot trapping duration from 100 to 20Chours. This latter change was
made because the results obtained from more recent purification operations have
shown that extended periods of hot trapping are not necessary when high purity
starting materials are used. The construction of hot traps and the hot trapping
procedures have conformed to those specifications, and the alkali metals obtained
have met the purity requirements. There are no reasons, at present, to further
modify these specifications.

Specification 03-0018—00-A,'A1ka11 Metal Handling and Control Procedures',
contains the instructions for sampling and analysis referred to in the hot
trapping specificatdéons. This comprehensive set of instructions requires periodic
revision to take into account advances in the alkali metal technology. With
respect to current practice at this laboratory, the specification is quite up-to-
date in its present form, but it will be extended in the next few months to include
newly established proceduvres for the determination of nitrogen in lithium and
metallic elements in sodium and lithium, as required for future work.

-12-
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10.

11.

12.

13.

14,

15.

TABLE I, REFRACTORY ALLOY MATERIAL SPECIFICATIONS
Revised Original
Title Specification No. Specification No.

Bar, Rod, Sheet, Plate
Columbium-=1% Zirconium

Bar, Rod, Sheet, Plate
Columbium=1% Zirconium

Bar, Rod, Sheet, Plate
Columbium=1% Zirconium

Seamless Tubing: Colu
Zirconium Alloy
Seamless Tubing: Colu
Zirconium Alloy

Bar and Rod: Mo-TZM

(Mo-0.5Ti~-0,08Zr) Allo

iy P -~ ]
Bar and Rod: Mo=TZM

(Mo-0.5Ti-0,08Zr) Allo

Climet TZM (Mo-0.5%Ti-
Wrought Bar

Bar and Rod:
Alloy

Seamless Tubing and Pi
T=-111 (Ta-8W-2Hf) Allo

Sheet, Plate and Strip
T-111 (Ta-8W=-2Hf) Allo

Seamless Tubing and Pi
D-43 (Cb-10W-1Zr-0.1C)

Seamless Tubing and Pi

and Strip:

Alloy

~and Strip:

Alloy

‘and Strip:

Alloy

mbium~1%

mbium-1%

y

y

0.08%Zr)

T-111 (Ta-8W-2HT)

pe:
y

y

pe
Alloy

pe:

T-222 (Ta-10,4W-2,4Hf-0,01C)

Tantalum Ingots and F1
Mill Products

Tantalum Rod and Wire

at

01-0003-02-B

01-0003-03-B

01-0003~04~-B

01-0004-02-B

01-0004-03-B

01-0009-00-B

01-0009-01~B

CMX-WB~-TZM-2

01-0015-00-B

01-0035-00-B

01-0040-00-B

01-0037-00-B

01-0036-00-C

ASTM B-364-62T

ASTM B-365-62T

SPPS-1B
Amend,

SPPS~2B
Amend.,

SPPS-15-R1*

CMX-WB-TZM-1
SPPS-22-R1*
SPPS-54;R1*
SPPS-59-R1%*
SPPS~-56-R1*

SPPS-55-R2%

ASTM B364-61T*

ASTM B=365-61T*

* Modified by Purchase Order,
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TABLE II. REVISED MATERIAL SPECIFICATION FOR Cb-1Zr ALLOY

Title

Seamless Tubing and Pipe: Columbium-1%
Zirconium Alloy

Seamless Tubing and Pipe: Columbium-1%
Zirconium Alloy

Bar and Rod: Columbium-1% Zirconium Alloy
Bar and Rod: Columbium~1% Zirconium Alloy

Sheet, Plate and Strip: Columbium-1%
Zirconium Alloy

Sheet, Plate and Strip: Columbium-1%
Zirconium Alloy

Foil: Columbium-1% Zirconium Alloy

Wire: Columbium=-1% Zircenium Alloy

Specification Number

01-0004-00-D

01-0004-01-D

01-0052-00~-B

01-0052-01-B

01-0053-00~B

01-0053-01-B

01-0054-00-A

01-0055~00-A

-14-
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TABLE X. PROCESS SPECIFICATIONS

Revised Original
Title Specification No. Specification No.

1. Welding of Columbium~1% 03-0004-00-B SPPS-3B
Zirconium Alloy by the
Inert Gas Tungsten Arc
Process

2, Welding of Columbium-1% 03-0005-00-A SPPS-3C
Zirconium Alloy by the
Inert Gas Tungsten Arc
Process

3. Vacuum Brazing Bimetallic 03-0008-00-B SPPS-9A
Tube Joints

4, Operator Certification for 03-0009-00-A SPPS-10
High Temperature Vacuum
Furnace Brazing of Bi-
metallic Tube Joints

5, Chemical Cleaning of 03-0010-00-B SPPS-11A
Columbium and Columbium
Alloy Products

6. Grit Blasting Columbium and 03-0011-00-A SPPS-12
Columbium Alloy Products

7. Welding Columbium-1% Zir- 03-0012-00-A SPPS~-14
conium Alloy by the Elec-
tron Beam Process

8, Mass Spectrometric Leak 03-0013-00-B SPPS~26
Detection Using Helium

9. Welding of Austenitic 03-0014—00-B1 SPPS-41

Stainless Steel

10. Arc Weld Groove Designs 03-0015-00-A SPPS-50
for Austenitic Stain-
less Steels, L-605,
Columbium, and Tantalum
Alloys

11. Stainless Steel Conoseal 03~-0016-00-A SPPS-53
Tube Unions

(1) Specification was Revised to Incorporate Changes in Radio-
graphic Inspection Requirements Subsequent to its Use in
Contract NAS 3-2547,
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TABLE XI, ALKALI METAL PROCUREMENT AND PURIFICATION SPECIFICATIONS

Title

Reactor Grade Sodium Metal

. Hot Trapped Reactor Grade

Sodium Metal

High Purity Grade Potassium
Metal

. Hot Trapped High Purity

Grade Potassium Metal

. Alkali Metal Handling and

Control Procedures

Revised
Specification No.

Original
Specification No.

01-0031-00-B1

01-0032-00-B2
1

01-0033-00-B

01—0034—00-—B2

03-0018-00-A

SPPS-45-1

SPPS-45-11

SPPS-46-1

SPPS-46-11

Specifications were Revised to Incorporate Changes in the
Maximum Allowable Impurities Subsequent to Their Use in

Contract NAS 3-2547,

Specifications were Revised to Incorporate Changes in the

Maximum Allowable Impurities and in the Length of Time Re-
quired for Hot Trapping Subsequent to Their Use in Contract

NAS 3-2547,
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Figure 1.

Microstructure of Transverse Section of Cb-1Zr Alloy 0.375-Inch OD

x 0,065-Inch Thick Wall Tube (MCN 404-4) Used in the Construction

of the Prototype Loop. Final Heat Treatment was One Hour at 2200°F.
(Z4265)

Etchant: 20%HF-20%HNO3-60%Water Mag: 100X

& LTS ‘ oa o Y ANt ST B NED
PRECELING PAGE BLANK NOT FILMED.
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Figure 2.

Microstructure of Cb-1Zr Alloy 0.375-Inch OD x 0.008-Inch Thick
Wall Tube (MCN 410) Used for the Fabrication of Bellows for the
Prototype Loop. Final Heat Treatment was One Hour at 2300°F,

Top: Transverse Section (K211); Bottom: Longitudinal Section
(K65) .

Etchant: 20%HF—2O%HN03—60%Water Mag: 100X
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Figure 3.

Typical ID Defects Observed in Cb-1Zr Alloy 0.375-Inch OD x 0.065-
Inch Thick Wall Tubes. Top: Outer Surface of MCN 404-4 (Z4263);
Bottom: Inner Surface of MCN 447 (K4807).

Etchant: ZO%HF-ZO%HNOB—GO%Water Mag: 100X
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Microstructure of Mo-TZM Alloy One-Inch Diameter Bar (MCN 435) Used
in the Fabrication of the Turbine Simulator for the Prototype Loop.
Final Heat Treatment was 3/4 Hour at 2300°F. Top: Transverse
Section (K1003); Bottom: Longitudinal Section (XK1004).

Etchant: Murakami's Mag: 100X
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Figure 5.

Microstructure of Cb-1Zr Alloy 0.375-Inch OD x 0.008-Inch Thick
Wall Tube (MCN 466) Produced by Wolverine Tube Division. Final
Heat Treatment was One Hour at 2200°F. Top: Transverse Section
(K5214); Bottom: Longitudinal Section (K5215).

Etchant: 20%HF-20%HNO3-60%Water Mag: 100X
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Figure 6.

Microstructure of T-111 Alloy 0.375-Inch OD x 0,008-Inch Thick
Wall Tube (MCN 509) Produced by National Research Corporation,
Metals Division. Final Heat Treatment was 1.5 Hours at 2700°F,.
Top: Transverse Section (L1287); Bottom: Longitudinal Sec-
tion (L1288).

Etchant: 20%HF-20%HNO3-60%Water Mag: 100X
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Figure 7.

Microstructure of D-43 Alloy 0.375-Inch OD x 0,.008-Inch Thick Wall
Tube Produced by Wolverine Tube Division. Final Heat Treatment was
One Hour at 2850°F. Top: Transverse Section Lot A (MCN 491--Best
Quality); Bottom: Transverse Section Lot B (MCN 492--Poorest
Quality).

Etchant: 20%HF-20%HNO3-607Water Mag: 100X
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APPENDIX A

REFRACTORY ALLOY MATERIAL SPECIFICATIONS

FRECEDING PAGE BLANK NOT FILMED.
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01-0003-02-~B
SPPS-1B

30 August 1963
Page 1 of 16

SPECIFICATION

BAR, ROD, SHEET, PLATE AND STRIP:

COLUMBIUM-1% ZIRCONIUM ALLOY

prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Contract NAS 3-2547

SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
GENERAL ELECTRIC COMPANY

CINCINNATI, OHIO 45215

PRECEDING FAGE BLANK NOT Filmkl

-53-~



SPPS-1B
30 August 1963
Page 2 of 16

GENERAL . ELECTRIC COMPANY
RE-ENTRY SYSTEMS DEPARTMENT
SPACE POWER AND PROPULSION SECTION

. SPECIFICATION

BAR, ROD, SHEET, PLATE, AND STRIP; COLUMBIUM - 1% ZIRCONIUM ALLOY

1, SCOPE.

1.1, Scope. This specification covers a wrought reactor grade columbium -

1% zirconium alloy in bar, rod, sheet, plate, and strip form,

2. APPLICABLE DOCUMENTS

2.1. Government Documents. None.

2,2. Non-Government Documents

ASTM Designation B
(Tentative)
(23 August 1961)

ASTM Designation E8-57T
(26 December 1957)

ASTM Designation
(Pending)

ASTM Designation E29-58T
(1958)
AMS 2645

(1 March 1955)

AMS 2646
(1 March 1955)

AMS 2635
(15 August 1958)

AMS 2242A
(1 December 1950)

-54~

Columbium Alloy Ingots

Methods of Tension Testing of
Metallic Materials

Methods for Chemical Analysis of
Reactor and Commercial Columbium

Recommended Practices for
Designating Significant Places
in Specified Limiting Values
Fluorescent Penetrant Inspection
Contrast Dye Penetrant

Inspection

Radiographic Inspection

Tolerances, Corrosion and Heat

Resistant Sheet, Strip, and Plate
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, SPPS-1B
30 August 1963
Page 3 of 16

3. REQUIREMENTS

3.1. Acknowledgments. The vendor shall mention this specification in
all quotations and all purchase order acknowledgments.

3.2. Manufacture, Material covered by this specification shall be made
from ingots conforming to ASTM Designation B, tentative specification
for columbium alloy ingots. These ingots may be produced by fusion,
powder metallurgy methods, or other suitable means which will allow
processing the comnsolidated metal into various basic shapes.

3

3.3, Chemical Composition

3.3.1. Ingot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table I.

(Refer to page 4.)

3.3.2. Final Product Composition. The manufacturer's ingot analysis
shall be considered the chemical analysis for products supplied under
this specification except carbon, oxygen, nitrogen, and hydrogen
content, to conform to the requirements in Table I, shall be determined
in the finished product. (Refer to Table I, page 4.)

3,3.3. Check Analysis. Upon check analysis final product compositions
shall not exceed the following limits or variations:

Check Analysis Permissible Variations
Limits, Max. in Check Analysis
Element (ppm) (ppm)
Carbon 100 + 10
Oxygen 300 + 50
Nitrogen 300 + 50
Hydrogen 15 + 2

3.4. Condition

3.4.1. Processing. Unless otherwise stated by the purchaser, after a
final cold reduction of 20-40% the finished product shall be annealed
in a vacuum for one hour at 2200°F, Before this final 20-40% reduction,
regardless of the previous inprocess anneals, the semifinished product
shall be vacuum annealed for one hour at 2200°F, As an alternate,
vacuum annealing at 1800°F for one hour before the final 20-40% cold
reduction is permissible, provided the material has been cold-reduced at
least 75% after the previous inprocess anneal.

-55 =



Element

Carbon
Nitrogen
Oxygen
Hydrogen
Zirzonium
Iron
Tantalum
Titanium
Silicon

Boron
Tungsten
Molybdenum
Aluminum
Beryllium
Cadmium
Chromium
Cobalt
Copper
Lead
Lithium
Magnesium
Manganese
Nickel
Tin
Vanadium
Ytterbium
Zinc
Uranium
Hafnium
Calcium
Sodium
Chlorine
Columbium,

SPPS-1B
30 August 1963
Page 4 of 16

TABLE I

CHEMICAL COMPOSITION
REACTOR GRADE Cb-1Zr

Maximum Content Analysis
(ppm) Requirements

100
300
300

15

0.8 - 1.2% (range)

500
1000

500

300

;

Q

=3

-

=]

1]

[}

I
500
1000
5

=

[~

4]

=

w0

(o}
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o

[¢]

Pare

o]

[

[

Q.

by difference 98.5% min
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SPPS-1B
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Page 5 of 16

3.4.2. Microhardness, After heat treatment the material shall be sectioned
and a representative sample shall be examined metallographically for
evidence of possible contamination caused by unsatisfactory heat-treating
atmosphere. A microhardness traverse shall not show a hardness gradient
over 50 VHN points from the center to the surface of a cross-sectional
sample of the material.

3.4.3. Grain Size. Unless otherwise agreed to by the purchaser and the
vendor, the grain size of the finished product shall be such that the
length of the grains parallel to the working direction shall not exceed
0.05 inch or the smallest dimension of the product, whiechever is less;
the grain size perpendicular to the working direction shall be smaller
than that indicated by ASTM standard grain size No. 3.

3.5. Mechanical Properties

3.5.1. Room Temperature Tensile Strength. Longitudinal specimens (or
transverse where practical) shall not exceed the following property
limits at test temperatures of 65° - 85°F:

Tensile Strength Yield Strength Elongation
(psi) (0.2%, psi) (2-inch gauge, %)
75,000 max 60,000 max 10 min

3.5.2. Stress-to-Rupture Test. The material in final form shall be
capable of achieving the following stress—-rupture life under suitable
environmental conditions:

Test Temp Stress Minimum Life
(°F) (psi) (hour s)
2000 10,000 25

After the stress-rupture test, check analysis of the specimen shall not
exceed the following limits:

Check Analysis Limits

Element (ppm)

Carbon 150

Oxygen 400

Nitrogen 400

Hydrogen 15
BT -




SPPS-1B
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3.5.3. Hardness. The product shall have a Rockwell hardness number
not exceeding B-90 in the heat-treated condition,.

3.6. Tolerances

3.6.1. Rolled, Swaged, or Drawn Rounds

3.,6.1.1. Diameter. The permissible variation in diameter and the
1imits of out-of-roundness of descaled rourd s shall not exceed those
in Table II.

TABLE II

PERMISSIBLE DIMENSIONAL VARIATIONS FOR ROUND BAR

Diameter

Diameter Variation Out-of-Roundness

(inches) (inch) (inch)
.020 to .030 + ,0005 - .0005
.030 to .062 + ,001 - .001
1/16 to 9,32 + ,002 - ,002 .004
Over 9/32 to 13/32 + ,010 - .005 .008
Over 13/32 to 5/8 + ,010 - .055 .012
Over 5/8 to 7/8 + ,015 - .005 .015
Over 7/8 to 1 + .,020 - .005 .015
Over 1 to 1-3/8 + ,020 - ,010 .018
Over 1-3/8 to 1-1/2 + ,020 - ,015 .020
Over 1-1/2 to 1-5/8 + ,025 - .015 .020
Over 1-5/8 to 2 + ,030 - ,020 .025
Over 2 to 2-1/2 + ,032 - .032 .025
Over 2-1/2 to 3-1/4 + ,032 - ,032 .027
Over 3-1/4 to 3-1/2 + .045 - .045 .040
Centerless ground rounds

1/16 to 2 + ,002 =~ ,002

Over 2 + ,003 - .002

3.6.1.2. Cut Lengths, Maximum length variation shall be 0.25 inch.

3.6.1.3. Straightness. Maximum deviation shall be 0.050 inch per
foot in any length.

3.6.2. Square or Rectangular Bar or Plate

3.6.2.1. Dimensions. Unless otherwise specified, forged or rolled
square and rectangular shapes shall have the following tolerances:

Thickness . Length Width
+ 10% + 0,125 inch + 0.125 inch
~58_
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3.6.2.2. Flatness of Plate. Flatness tolerance on plate shall conform
to AMS 2242A, "Tolerances, Corrosion and Heat Resistant Sheet, Strip,
and Plate.”

3.6.2,3. Straightness of Bar. Maximum deviation shall be 0.050 inch
per foot in any length.

3.6.3. Sheet or Strip

3.6.3.1. Thickness, The permissible variations in thickness shall not
exceed those presented in Table III (1/2 the tolerance values in AMS2242A) .
Measurements shall be taken 1 inch in from the edges on all sheets at

the corners and mid-sides to the nearest 0.0001 inch,

TABLE III

THICKNESS TOLERANCES

Nominal Gauge - Tolerance
(inch) (inch, plus or minus)
.005 .0005
Over .005 to .007 inclusive .00075
Over .007 to .016 inclusive .001
Over .016 to .026 inclusive .0015
Over .026 to ,040 inclusive .002
Over ,040 to .058 inclusive .0025
Over .058 to .072 inclusive .003
Over ,072 to .083 inclusive .0035
Over .083 to .098 inclusive .004
Over .098 to .114 inclusive .0045
Over .114 to .130 inclusive .005
Over .130 to .145 inclusive .006
Over .145 to .187 inclusive .007

3.6.3.2, Length. Maximum deviation shall be 0,125 inch.
3.6.3.3. Width, Maximum deviation shall be 0.064 inch,

3.6.3.4. Flatness. Flatness tolerances shall be 4%, determined by the
method shown in Figure 1. (Refer to Page 8). The actual values shall be
reported. In determining flatness, the sheet shall not be subject to
external pressure at any point but shall lie freely on a flat surface
during measurement. Oilcanning will be reported. An estimate of the
extent (area, height, etc.) of these defects shall be made.

=50
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3.7. Maximum Allowable Discontinuities

3.7.1. General. The finished product shall be visibly free from oxide
or scale of any nature, grease, oil, residual lubricants, and other
extraneous materials. Cracks, laps, seams, gouges, and fins shall be
unacceptable.

3.7.2. Porosity and Inclusions. Indications of internal poresity and
non-metallic inclusions greater than 0,020 inch or 3% of the thickness,
whichever is smaller, shall be unacceptable. Those indications in the
range 0.010 inch to 0.020 inch or 2% of thickness, whichever is smaller,
shall be a minimum of 0,050 inch apart; those indications less than 0.010
inch shall be a minimum of 0.12 inch apart.

3.7.3. Surface Rework, All surface pores, gouges, and other defects
deeper than 0.005 inch or 3% of the thickness, whichever is smaller, shall
be unacceptable, Surface imperfections shall be faired smooth to remove
any notch effect,

4, QUALITY ASSURANCE PROVISIONS

4,1, Chemical Analysis

4.1,1., Certification. The analysis made by the material manufacturer
to determine the percentage of elements stipulated in this specification
shall be reported to the purchaser in a specified certificate of test,

4.1.2, Methods of Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical methods
for metallic elements, Disputes shall be settled by accepted referee
methods, such as the ASTM ''Methods for Chemical Analysis of Reactor and
Commercial Columbium".

4,2, Tensile Test

4,2.1., Sample Selection, Care shall be exercised to insure that the
sample selected for testing is representative of the material and uncon-
taminated by the sampling procedure. If there is any question about the
sampling technique or the analysis, the methods for sampling and analysis
shall be those agreed to by the buyer and seller,

4.2.2. Test Methods. The tension test shall be conducted in accordance
with "Methods of Tension Testing of Metallic Materials,” ASTM Designation
E8-57T. Yield strength shall be determined by the offset (0.2%) method.
The tensile properties shall be determined using a free crosshead speed

of 0.05 plus 0,02 inch per inch of gauge length per minute throughout

the test.
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4.,3. -Stress-Rupture Test

4,3.1. Necessity of Test. When agreed between the purchaser and the
vendor, stress-rupture properties of specimens from each heat of material
shall be determined by mutually acceptable testing techniques.

4.3.2, Test Techniques. Suggested testing techniques for determining
stress-rupture properties are:

Specimens shall be tested in a vacuum of 10-6 torr or better.

Specimens shall be wrapped in tantalum or zirconium foil
to minimize contamination.

Specimens shall be held for a half hour at the test
temperature before application of load.

Test temperature shall be maintained at plus or minus
10°F during the test.

4.4. Number of Tests Required. Representative test specimens from each
lot or ingot of material, whichever is larger, shall be taken to determine
conformity to this specification. The minimum frequency of these tests

shall be:

Finish product chemistry - one per lot or ingot
Tensile test - two per lot or ingot
Stress-rupture test - two per lot or ingot.

4.5, Retest and Rework

4.5.1, Surface Contamination. Any sample or specimen exhibiting obvious
surface contamination or improper preparation which disqualifies it as a
truly representative sample shall be replaced with a new sample.

4,5.2. Rework. If inspection and test results of a lot do not conform
to the requirements of this specification, the lot may be reworked at
the option of the manufacturer. The lot shall be acceptable if all test
results, after reworking, conform to this specification.

4,6, Insgection

4.6,1. Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment, unless otherwise specified. All test and inspection results
shall be furnished to the purchaser.

-2
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4.6.2. Customer Review. The purchaser or his representative may witness
the testing and inspection of the material. the manufacturer shall give
the purchaser ample notice of the time and place of designated tests.

If the purchaser's representative is not present at this time and a new
date is not set, the requirement for purchaser's inspection at the place
of testing is waived. When the purchaser's representative is present at
the appointed time and place, the manufacturer shall afford him, without
charge, all reasonable facilities to assure. that the material is being
furnished in accordance with this specification. This inspection shall
not interfere unnecessarily with production operations.

4.6,3. Methods of Inspection

4.6.3.1., Radiographic. Whenever specified, the product shall be radio-
graphed and determined sound as described in AMS 2635, "Radiographic
Inspection,” The radiographs and product shall be identified so the
exact position of each radiograph can be correlated with the specific
area on the particular product.

4.6.3.2. Ultrasonic. Unless otherwise agreed to by the purchaser and
the vendor, the material shall be inspected ultrasonically.

4.6.3.2.1. Method and Equipment. The finished products shall be ultra-
sonically inspected by the immersed technique at 5 mc or above., Trans-
ducers shall be no larger than 0.75-inch diameter, '.Surface finishes
shall be no rougher than 125 rms. Inspection shall be by longitudinal
wave and by shear wave in two perpendicular directions, i.e., longitudinal
ahd transverse. For round bar and rod, inspection shall be with focused
transducers appropriate to the diameter being inspected (360 degree
transducers are allowable where appropriate). For bar and rod, automatic
equipment which traverses a spiral path is satisfactory; but three tra-
verses shall be made, one with the transducer in the circumferential
shear position, one with the transducer in the axial shear position, and
one with the transducer in the longitudinal wave position, unless other-
wise specified. A reflector may be used for thin sheet, if desired, but

is not required.

4.6.3.2.2. Calibration of Bar, Rod, and Plate. Calibration shall be on
notches and holes in a segment of the material reserved solely for cali-
bration purposes or in a calibration specimen of similar nature and shape.
The depth of the notches shall be 3% of the plate thickness, 1.5% of the
bar or rod diameter, or 0,005 inch, whichever is smaller; the width, no
greater than depth; the length, greater than beam width. The notches shall
be placed perpendicular tc the direction of the shear wave beam and per-
pendicular to the surface, e.g., axial and circumferential notches on

bar. In addition to the notches a 0.020-inch diameter hole shall be made
in the calibration piece parallel to the surface at a distance from the

-63~
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gsurface of 1/2 the thickness or diameter or, if the thickness exceeds
0.750 inch, 1/4, 1/2, and 3/4 the thickness. Calibration settings to
achieve 80% amplitude of these notches or holes along with the magnitude
of the other applicable calibration defects shall be recorded. For
example, on plate with shear wave the notch on the near surface should
be set at 80% and the amplitudes recorded for the indications from the
hole and the notch on the far surface. Gain settings should be recorded
to achieve 80% as above and 80% on each of the other applicable calibra-
tion defects.. For longitudinal wave, only the 0.020-inch diameter holes,
with additional holes at 1/4 and 1/2 the thickness if the thickness ’
exceeds 0.750 inch, shall be used for calibration.

4.6.3.2.3. Calibration of Sheet and Strip. Calibration for longitudinal
peam shall be accomplished by setting some convenient multiple or reflected
signal at 100% after having established that the beam is perpendicular to
the surface. Sensitivity shall be assured by detecting an 0,086-inch
diameter flatbottom hole drilled approximately half way through the thick-
ness of the sheet.

The sheet shall also be inspected by a shear wave beam pointed in both
longitudinal and transverse directions. Calibration shall be done on
notches cut perpendicular to the direction of the beam in pieces of sheet
of the same material and thickness as that to be inspected. If that
portion is later trimmed and scraped, the calibration notches may be made
on a section of the actual sheet., The depth of the calibration notches
shall be 3% of the sheet thickness; width, no greater than the depth;
length, no more than 1 inch. All notches shall be at least 1 inch from
the edge of the sheet. Duplicate notches may be made on the opposite
face of the sheet in locations where the sound beam will not intersect
both notches in a single traverse, or the sheet may be turned over during
calibration to determine the relative response from the calibration notch
on both the incident and far side of the sheet.

Transducers for the shear wave inspection shall be focused, preferably
cylindrically, to a beam no more than 0.125 inch wide in its smaller
dimension (where it enters the sheet being inspected). Cylindrically-
focused transducers shall not exceed 2 inches in length. The focal
distance shall be adjusted when the transducer is beamed perpendicular to
the surface of the calibration sheet; then this focal distance shall be
maintained throughout the actual inspection. After the focal distance is
established, an appropriate shear wave angle shall be set and the calibra-
tion notch indication shall be set at 80% on the indication where the
sound beam traverses one or two thicKknesses of the sheet (depending on
whether the notch is on the far side or incident side of the sheet).

The calibration notch shall be detected when it is on both the incident
and the far side of the sheet., If there is any difference in the indi-
cation, that gain setting giving an 80% indication from the side which
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produces the smaller indication shall be used for inspection. Calibration
shall be done before and after the ultrasomnic inspection or at the begin-
ning and end of each work shift, If the magnitude of indication from the
calibration notch differs 10% or more from the previous calibration, all
sheet material inspected since then shall be reinspected.

4,6.3.2.4. Evaluation. Evaluation during inspection shall be made
against the appropriate calibration defect. For example, on plate with
shear wave, the defects on or near the far surface shall be compared to
the calibration from the far surface notch; defects near the center shall
be compared to the calibration from the hole at the appropriate depth;
defects on the near surface shall be compared to the calibration from

the near surface notch.

4,6.3.2.5. Reporting. The ultrasonic inspection report shall contain
the equipment serial numbers, calibration amplitudes and gain settings,
and the amplitude and location of each defect whose amplitude is 60% or

greater,

4.6.3.2.6, Rejection. The above procedure shall be followed, and indi-
cations of defects which exceed the magnitude obtained from the appropriate
calibrated notch in the sample shall be cause for rejection, unless
otherwise agreed by the purchaser and vendor. Inspection results shall
be reported to the purchaser.

4.6.3.3. Penetrant Inspection. Whenever specified, the exterior surface
of the product shall be penetrant inspected and found free of flaws using
AMS 2645, "Fluorescent Penetrant Inspection," or AMS 2646, 'Contrast Dye
Penetrant Inspection." A1l parts thus inspected shall be marked with

ink stamps as described in the specification; impression stampings or
etching shall be unacceptable.

4,7, Reports. The manufacturer shall supply at least three copies of
a report showing test results for each lot of material in the shipment.
The report shall also include the number of the specification and the

purchase order or contract number.

4.8, Rejection. Material not conforming to this specification or to
authorized modification shall be subject to rejection., Unless otherwise
specified, rejected material may be returned to the manufacturer at the
manufacturer's expense if the purchaser does not receive other instruc-
tions for disposition within three weeks after notice of rejection.

4.9. Referee. If the manufacturer and the purchaser disagree about the
conformance of the material to the requirements of this specification or
any special test specified by the purchaser, a mutually acceptable
referee's test shall be used to determine conformance,

-05 =
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5., PREPARATION FOR DELIVERY

5.1. Identification. Each bundle, box, or carton shall be legibly and
conspicously marked or tagged with the number of this specification,
purchase order or contract number, type, ingot number, lot number,
nominal size, and the gross, net, and tare weights. When each bundle,
box or carton consists of components from more than one ingot number or
lot number, each component shall be identified individually.

5.2. Packing. All material shall be packed in a manner assuring safe
delivery when properly transported by any common carrier.

6. DEFINITIONS,

6.1. Rod. Any straight product with a round, hexagonal, or octagonal
solid cross section, 3 1/2 inches in diameter or less, or equivalent
cross section.

6.2, Bar. Any straight product with a rectangular cross section 0,187
inch or more thick and less than 5 inches wide, or with a square cross
section not conforming to the definition of wire.

6.3. Plate. Any product over 0.187 inch thick and 5 or more inches
wide.

6.4. Sheet., Any product under 0.187 inch thick and 5 or more inches
wide.

6.5, Strip. Any product less than 0.187 inch thick and less than 5
inches wide.

6.6. Lot. All material of the same size, shape, condition, and finish
on an order produced from one or more ingots and annealed in the same
vacuum annealing charge.

6.7. Check Analysis. An analysis made or requested by the purchaser

of the metal after it has been processed into finished mill forms, to
verify the composition within a heat or lot. Check analysis tolerances
do not broaden the specified heat analysis requirements but rather

cover variations between laboratories in the measurement of the chemical
content,

6.8. Significahce of Numerical Limits. For determining compliance with
the specified limits for requirements of the properties listed below, an

observed value or a calculated value shall be rounded off using the rounding-

off method in ASTM Designation E29-58T, "Recommended Practices for Desig-
nating Significant Places in Specified Limiting Values.,"

-66 =~
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Rounded-Off Unit for
Observed or Calculated Value

Nearest unit in the last
right-hand place of figures
of the specified limit

Nearest 100 psi
Nearest 1%
Nearest 1/2 hour
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Amendment No,
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1, Change paragraphs 3.3.1. through 3.,3.3. and Table I

of SPPS-1B to limit the hydrogen content to 10 ppm, maximum,

Amendment No.

2. Change paragraph 3.5.2. of SPPS-1B to require that

the chemical analyses of the stress-rupture specimen after test shall
demonstrate that the degree of environmental contamination did not
exceed the following limits: total increase in oxygen plus nitrogen
content--less than 100 ppm; increase in hydrogen content--less than 5
ppm; increase in carbon content--less than 10 ppm. The following limits
shall apply to the analytical results:

Carbon + 10 ppm
Oxygen - 5 50 ppm
Nitrogen x 50 ppm
Hydrogen + 2 ppm

Amendment No. 3. Add to paragraph 3.4.1. of SPPS-1B the requirement

that all inprocess annealing and final annealing shall be conducted in
a vacuum with the pressure less than 1.0 x 10™* torr.

Amendment No.

4., Add to parpgraph 3.4.1. of SPPS-1B the requirement that

the semifinished and finished Cb-1Zr products shall be wrapped with two
layers of 0.002 to 0.005-inch thick, tantalum, columbium, or Cb-1Zr

foil for the purpose of providing additional protection from contamination
during annealing in a vacuum (pressure less than 1.0 x 10-4 torr).
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SPECIFICATION
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GENERAL ELECTRIC COMPANY
CINCINNATI, OHIO 45215

_69_



SP 1073 A

PAGE 2

OF

2

BAR, ROD, SHEET, PLATE AND STRIP:
COLUMBIUM - 1% ZIRCONIUM

DATE NO.

- CONTINUED 4-19-65

01-0003-03-B

1. Only the following paragraphs of specification no. 01-0003-02-B are

applicable:
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(Final Anneal Only)
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2, Only amendments 1, 3 and 4 are applicable,

All items shall be clearly identified with the revised specification
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BAR, ROD, SHEET, PLATE AND STRIP:
COLUMBIUM-1% ZIRCONIUM

DATE NO.
- CONTINUED 4-19-65 01-0003-04-B

The following exceptions to specification no. 01-003-02-B are applicable.

Paragraph 3.3.1. Ingot/Billet Composition is changed to read: The chemical

composition of ingots and billets for conversion to finished products shall conform to
Table I (page four). A minimum of four analyses shall be obtained as follows: ingot/
billet top-center, mid-radius and edge; ingot/billet bottom-center. All analyses must

conform to ranges stated in Table I.

Paragraph 3.5.2. Stress-Rupture requirement is deleted.

Paragraph 4.3. Stress-Rupture requirement is deleted.

Paragraph 4.4. Number of Tests required is changed to read:

Finished Product Chemistry - one per lot per ingot
Tensile Test - two per lot per ingot

Grain Size - two per lot per ingot

Microhardness Traverse - one per lot per ingot

Paragraph 4.6.,3.1, Radiographic requirement is deleted.

Paragraph 4.6.3.3. Penetrant Inspection is specified.

Paragraph 6.6. Lot is changed to read:
condition and finish produced from one ingot and which has received the same process-—
ing, has been annealed in the same vacuum annealing charge and has been processed
simultaneously in all operations in which the temperature may reach 500°F or above.
When processing temperatures are closely controlled or when closely adjacent sizes
receive similar processing, lots may be combined for chemical and tensile tests
only, provided prior written approval has been obtained from the purchaser,

A1l material of the same size, shape,

Only amendments 1, 3 and 4 are applicable.

All items shall be clearly identified with the revised specification number,

L
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.GENERAL ELECTRIC COMPANY
RE-ENTRY SYSTEMS DEPARTMENT
'SPACE POWER AND PROPULSION SECTION

sp}:cuk‘lcmon .

1. SCOPE

1.1. Scope. This specification covers seamless tubing of reactor grade-
columbium - 1% zirconium alloy.

2.1.

- 2. APPLICABLE DOCUM ENTS

i

Government Documents. . None.

2.2, Non-Government Documents

ASTM Designation B
(Tentative)
(23 August 1961)

ASTM Designation E8-57T
(12 December 1957)

"ASTM Designation

(Pending)

ASTM Designation E29-58T
(1958)

AMS 2635

(15 August 1958)

AMS 2645
(1 March 1955)

AMS 2646
(1 March 1955)

74~
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3.. REQUIREMENTS

'3.1. Acknowledgments. The vendor shdll mention this specification in all
quotations and all purchase order acknowledgments.

3.2. Manufacture. Material covered by this specification shall be made

‘from ingots conforming to ASTM Designation B, tentative specification for
columbium alloy ingots. Thgse ingots may be produced by fusion, powder
‘metallurgy methods, or other ‘suitable means which will allow processing

the consolidated metal into vgnous basic shapes.

 3.3. Chemical Composition

3.3.1.  Ingot/Billet Composition. The chemical composition of ingots and
billets for conversion to finished produots shall conform to Table I. (Refer

to page 4.)

3.3.2.. Final Product Composition. The manufacturer's ingot analysis shall

be considered the chemical analysis for products supplied under this speci-

fication; except carbon,; oxygen, nitrogen, and hydrogen content shall be
determined in the finished products and shall cqm;form to the requirements in

_Table 1. '(Refer to page 4.)

3.3.3. Check Analxsis. Upon check analysis final product compositions
shall not excéed the following Hmits or variations:

Check Analysis Permissible Variations'
Limits, Max, in Check Analysis
" Element __(ppm) (ppm)
Carbon 100 + 10
Oxygen 300 + 20
Nitrogen 300 + 50
Hydrogen 15 +.2

3.4.. Condition

3.4.1. Processing. Unless otherwise stated by the purchaser, after a final
reduction of 20-40% the finished product shall be annealed for one hour at
2200°F in a vacuum. Before the final 20-40% reduction the semifinished pro-
duct shall be vacuum annealed for one hour at 2200°F regardless of the pre-
vious inprocess anneals. As an alternate, vacuum annealing at 1800°F for
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 TABLE I
CHEMICAL.COMPOSITION
* REACTOR GRADE Cb~-12r

Maximum Content Analysis

Element _(ppm) " Requirements
~ Carbon 100
- Nitrogen . 300 T
Oxygen - 300 ’ £
Hydrogen 15 Q
. Zirconium 0.8 - 1.2% (range) -
Iron 500 Q
Tantalum 1000 &
Titanium 500 *
Silicon ..300 _
Boron : 2
- Tungsten: 500 ?
Molybdenum 1000
-Aluminum -
-Beryllium -
- Gadmium 5
> Chromium -
- Cobalt - 30 1,
: Copper - 5
Lead 50 3
© Lithium - @
-Magnesium : -- "
- Manganese 100 b
‘Nickel - 200 3
" Tin - -y
- ‘Vanadium o . 200 e
Ytterbium --
Zinc -
Uranium -
- Hafnium 100
~Calcium _ .-
- Sodium -
- Chlorine - v
- Columbium, by difference 98.5% min
-76-
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on hour before the final 20-40% cold reduction. is permissible provided the
material has been cold-reduced at least 75% after the previous inprocess
anneal.

3,4.2. Microhardness. After heat treatment the material shall be sectioned

and a representative sample shall be examined metallographically for evidence

of possible contamination caused by unsatisfactory heat-treating atmosphere.

. A microhardness traverse shall not show a hardness gradient over 50 VHN

points from the center to the surface of a cross-sectional sample of the
material. o

3.4.3. Grain Size. Unless otherwise agreed to by the purchaser and the
vendor, the grain size of the finished product shall be such that at least
thirty grains are intersected by a traverse through the wall thickness of the
tube, and the length of grains, in the direction of the tube length, shall not
exceed 0.05 inch or the wall thickness of the tube, whichever is smaller.

3.5. Mechanical Properties

3.5.1. Room Temperature Tensile Strength. The following property limits
shall not be exceeded on longitudinal specimens (or transverse where prac-
tical) at test temperatures of 65°F - 85°F.

Tensile Strength Yield Strength Elongation
(psi) (0.2%, psi) (2-inch gauge, %)
75,000 max 60,000 max 10 min

3.5.2. Stress-to-Rupture Test. The material in final form shall be capable
of achieving the following stress-rupture life under suitable environmental
conditions:

Test Temp Stress Minimum Life
(°F) (psi) __(hours)
2000 10,000 25

After the stress-rupture test check analyses of the specimen shall not exceed

=T -~
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the following limits:

Check Analysis Limits

- Element _ (ppm)
Carbon 150
Oxygen 400
Nitrogen 400
Hydrogen 1t

3.5.3. Hydrostatic Test. When agreed to by the purchaser and the vendor,
each tube, 1/8 inch or larger in outside diameter with a wall thickness of
0.015 inch or over, shall be tested to a hydrostatic pressure sufficient to
produce a fiber stress of 12,000 psi. The test pressure, not to exceed
10,000 psi, shall be determined by the equation ( P = 25t/D), where:

hydrostatic test pressure in pounds per square inch;
12,000 psi;

‘average wall thickness of the tube in inches;
outside diameter of the tube in inches.

g oy
nnw % n

3.5.4. Flare Test. A section of the heat-treated tube shall be capable of
being flared without cracking. The flare shall be made with a tool having a
60-degree included angle until the specified outside diameter has been increased

by 15%.

- 3.5.5. Hardness Tests. Rockwell hardness tests shall be made on the inside
of a specimen cut from the tubes having a wall thickness greater than 0.015
inch. . The tube shall have a Rockwell hardness number not exceeding B-90 in
the heat-treated condition.

3.6. Tolerances

3.6.1. Diameter and Wall Thickness. The permissible variations in diam-
eter and wall thickness of tube shall not exceed those prescribed in Table II.
(Refer to page 7 .) '

3.6.2. Length. When tube is ordered cut-to~letigth,. the usable length shall not
be less than that specified, but a variation of plus 1/8 inch will be permitted

in lengths up to 6 feet. In lengths over 6 feet a variation of plus 1/4 inch will
be permitted, unless otherwise specified.
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TABLE II

PERMISSIBLE VARIATIONS IN TUBE DIMENSIONS

Nominal 0oD(1) op(?) 1p(®) Wall
(inches) (inch) (inch) Thickness(‘n

' (%)
0.187 to but not incl 0.625 20.004 j;“ 0.004 }_ 10
0. 625 to but not incl 1,000 ~0.005 = 0.005 =10
1.000 to but not incl 2.000 *0.0075 *0.0075 tio
2.000 to but not incl 3. 000 $0.010 £0.010 t10
3. 000 to but not incl 4.000 t0.0125 *0.0125 t10

(1) Tolerances are applicable to only two dimensions, e.g., outside
diameter and wall; inside diameter and wall; outside diameter and
inside diameter,

(2) - For tolerances applicable for very small tubes (less than 0.187-inch
diameter) or very thin-wall tubes (less than 0.010 inch thick]}, the
producer shall be consulted.

(3). For tubes having an inside diameter less than 60% of the outside
diameter or a wall 3/4 inch or over thick, which cannot be suc-
- cessfully drawn over a mandrel, the inside diameter may vary by
an amount equal to plus or minus 10% of the wall thickness. The
- wall thickness of these tubes may vary plus or minus 12, 5% from
that specified.

- (4) Ovality measured at any cross section:: For tubes with nominal
wall thickness less than 3% of the nominal outside diameter, the
ovality tolerances are double the tolerances in column 2 or 3.

- For ovality tolerances for tubes with wall thickness less than 2%
nominal outside diameter, the producer shall be consulted.
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3.6.3. Straightness. The tube shall be free of bends or kinks. For lengths
up to 10 feet the maximum bow shall not exceed one part in 1200; for lengths
greater than 10 feet the maximum bow shall not exceed one part in 600, un-
less otherwise agreed upon.

3.7. Maximum Allowable Discontinuities.

3.7.1. General. Cracks, laps, seams, fins, and tears shall be unacceptable.
The surface shall also be free from oxide or scale of any nature, grease, oil,
residual lubricants, or other extraneous material.

3.7.2. Porosity and Inclusions. Indications with diameters greater than

0. 020 inch or 3% of the wall thickness, whichever is the smaller, shall be
unacceptable. Indications with diameters in the range of 0. 010 inch to

0. 020 inch or 1% to 3% of wall thickness, whichever is smaller, must be a
minimum of 0. 50 inch apart; those indications with dimensions less than 0. 010
inch must be a minimum of 0. 12 inch apart.

3.7.3 Surface Rework. Defects less than 3% of the nominal wall thickness
may be removed by grinding provided the wall thickness is not decreased below
that permitted in Table II. (Refer to page 7.)

4, QUALITY ASSURANCE PROVISIONS.

4.1. Chemical Analysis.

4.1.1. Certification. The analysis made by the material manufacturer to
determine the percentage of elements stipulated in this specification shall be
reported to the purchaser in a specified certificate of test.

4.1.2. Methods of Analysis. Chemical analyses shall be conducted by mutually

acceptable procedures, such as the vacuum fusion methods for gases, the combus-

tion method for carbon, and the spectrochemical methods for metallic elements.
Disputes shall be settled by accepted referee methods, such as the ASTM
"Methods for Chemical Analysis of Reactor and Commercial Columbium!''.

4,2. Tensile Test.

4.2.1. Sample Selection. Care shall be exercised to insure that the sample
selected for testing is representative of the material and uncontaminated by the
sampling procedure. If there is any question about the sampling technique or
the analysis, the methods for sampling and analysis shall be those agreed to
by the buyer and seller.
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4,2.2, . Test Methods.. The tension test shall be performed in accordance with
"Methods of Tension Testing of Metallic Materials, " ASTM Designation E8-57T.
Yield strength shall be determined by the offset (0.2%) method. The tensile
properties shall be determined using a free crosshead speed of 0. 05 plus 0.02

inch per inch of gauge length per minute throughout the test. The specimen,

whene.v'e; possible, shall be a full cross section.

4,3, - Stress-Rupture Test

4.3.1. Necessity of Test. When agreed between the purchaser and the vendor,

stress-rupture properties of specimens from each heat of material shall be deter-

mined b_y testipg according to mutually agreeable techniques.

4.3.2. Test Technigues. Suggested testing techniques for determining stress-
rupture properties are:

Specimens shall be tested in a vacuum of 1076 torr or
better.

Specimens shall be wrapped in tantalum or zirconium foil
to minimize contamination.

Specimens shall be held for a half hour at the test temper-
ature before application of load.

. Test temperature shall be maintained at plus or minus 10°F
during the test.

4.4. Number of Tests Required. Representative test specimens from each lot
or ingot of material, whichever is larger shall be taken to determine conformity
to this specification. The minimum frequency of these tests shall be:

- Finish product chemistry - one each per lot or ingot
- Tensile test -~ two per lot or ingot

Stress-rupture test ~ two per lot or ingot
- Flare test - two per lot or ingot

Hydrostatic proof test - 100%.

4.5, Retest and Rework

4,5.1, . Surface Contamination. Any sample or specimen exhibiting obvious
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surface con.tamina'tion or improper preparation which di squalifies it as a truly
representative sample shall be repla ed with a new sample. ‘

4.5.2. Rework. If inspection and test results of a lot do not conform to the
‘requirements of this specification, tre lot may be reworked at the option of
the manufacturer. The lot shall be acceptable if all test results, after rework-
ing, conform to this specification.

4.6. Inspe ction

4,6.1.. Vendor Responsibility. The manufacturer shall make all tests and
inspections of the material covered by this specification before shipment
unless otherwise specified. All test and inspection results shall be furnished

to the purchaser.

4.6.2. Customer Review, The purchaser or his repre sentative may witness

the testing and inspection of the material. The manufacturer shall give the
purchaser ample notice of the time and place of designated tests. If the
purchaser's, representative is not present at this time and a new date is not
set, the requirement for purchaser's inspection at the place of testing is waived.
When the purchaser's representative is present at the appointed time and place,
the manufacturer shall afford him, without charge, all reasonable facilities to
assure that the material-is being furnished in accordance with this specification.
This inspection shall not interfere unnecessarily with production operations.

4.6.3. Methods of Inspection

4.6.3.1. Radiographic.. When specified, the product shall be radiographed and
determined sound as described in' AMS 2635, "Radiographic Inspection.'" The
radiographs and product shall be identified so that the exact position of each
radiograph can be correlated with the specific area on particular product.

4.6.3.2. Penetrant Inspection. - When specified, the exterior surface of the -
product shall be penetrant inspected and found free of flaws using AMS 2645,"
"Fluorescent Penetrant Inspection, " or AMS 2646, "Contrast Dye Penetrant
Inspection. " All parts thus inspected shall be marked with ink stamps as
described in the specification; impression stampings or etching shall be unac-
ceptable.

4.6.3.3. Ultrasonic Inspection. Unless otherwise agreed to by the purchaser
and the vendor, the material shall be inspected ultrasonically.
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4.6.3.3.1. Method and Equipment. Ultrasonic inspection shall be by the
immersed technique at 5 mc or higher frequency using focused transducers.
Inspection shall be by longitudinal wave and by both circumferential and
axial shear techniques, unless otherwise specified. For longitudinal wave
technique and for circumferential shear, transaucers up to 2 inches long may
be used with or without automatic equipment to rotate the tube past the trans-
ducer. . If spiral pattern inspection traverse is not used, steps must be taken
to assure that the ultrasonic beam remains in the same position relative to
the tubing so the beam-to-tubing angle remains constani. Fos axial (longi-
tudinal) shear, transducers must have no greater than 0.5 inch axial length.
Transducers must be cylindrically focused for a diameter range which includes
the tubing on which it is to be used. '

4.6.3.3.2. Calibration. . Calibration shall be on notches.(a total of four, two
axial and two circumferential), cut in the tube on both the outside and inside
surface unless otherwise specified. The depth of the notches shall be 3% of
the wall thickness; the width, no greater than depth; the length, at least that
of the ultrasonic beam with a maximum length of 1 inch. Focusing shall be
done to maximize the indication from the inside diameter notch placed properly
for the type of inspection contemplated. After focusing is completed, the
inside diameter indication shall be set at 80% and gain setting recorded.

Gain setting for 80% on the outside diameter notch shall also be recorded.
Inspection shall be at the gain setting for the inside diameter indication. A
distance corresponding to the wall thickness shall be marked on the oscil-
loscope.. Focal distance to the part to be inspected shall be set to that'used
for the calibration piece before beinning inspection. Calibration shall be done
both before and after the inspection or at the beginning and end of each work
shift. If calibration has changed (gain change greater than 10%), all inspec-
tions since the previous calibration shall be repeated.

4.6.3.3.3. Rejection.. Rejection shall be by any indication which exceeds
the amplitude of the respective calibration indication; i.e., inside diameter
defects shall be compared to the indication from the notch on the inside diam-
eter, and outside diameter defects shall be compared to the indication from the
notch on the outside diameter. Defects less than half the thickness from the
surface or less than 0. 150 inch from the surface, whichever is smaller, shall
be compared to the outside diameter calibration indication. Defects more
than half the thickness from the incident surface or more than 0,150 inch from
the surface shall be compared to the indication from the inside diameter cali-
bration notch.. Defects whose amplitude is 60% or greater shall be reported
giving axial and circumferential location and distance from the surface.
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4.7.. Reports. If requested, the vendor shall supply at least three copies of
a report which shows the results of tests performed on each lot of material

in the shipment and includes the number of the specification and the purchase
order or contract number. '

4,8, Rejection. Material not conforming to this specification or to author-
{zed modification shall be subject to rejection. Unless otherwise specified,
rejected material may be returned to the manufacturer at the manufacturet's
expense if the purchaser does not receive other instructions for disposition
within three weeks after notice of rejection.

4.9.. Referee. If the manufacturer and the purchaser disagree concerning the
conformance of the material to the requirements of this specification or any
‘special test specified by the purchaser, a mutually acceptable referee's test
shall be used to determine conformance. '

5. PREPARATION FOR DELIVERY

5.1. Identification. Each bundle, box, or carton shall be legibly and con-
‘spicuously marked or tagged with the number of this specification, purchase
order or contract number, type, ingot number, lot number nominal size, and
the gross, net and tare weights. . When each bundle, box or carton consists
of components from more than one ingot number or lot number, each component
shall be identified individually.

- 5.2. Packing. - All material shall be packed in a manner assuring safe delivery
‘when properly transported by any common carrier.

6.  DEFINITIONS

6.1. Lot. All material of the same size, shape, condition,. and finish on an
order produced from one or more ingots and annealed in the same vacuum
annealing charge.

6.2. Check Analysis. An analysis either made or requested by the purchaser
of the metal after it has been processed into finished mill forms for the purpose
of verifying the composition within a heat or lot.. Check analysis tolerances
do not broaden the specified heat analysis requirements but rather cover varia-~
tions between laboratories in the measurement of the chemical content.

6.3. Significance of Numerical Limits, For determining compliance with the
specified limits for requirements of the properties listed below,. an observed
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value or a calculated value shall be rounded off using the rounding-off method
in ASTM Designation E29-58T, "Recommended Practices for Designating: Sig-
nificant Places in Specified Limiting Values."

- Rounded-Off Unit for

Test Observed or Calculated Value
Chemical composition and Nearest unit in the last
dimensional tolerances right-hand piace of figures
(when expressed decimally) of the specified limit
Tensile strength Nearest 100 psi
Elongation Nearest 1%
Rupture life Nearest 1/2 hour
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*

Amendment No. 1. Change paragraphs 3. 3.1 through 3. 3. 3 and Table I
of SPPS-2B to limit the hydrogen content to 10 ppm, maximum.

Amendment No. 2. Change paragraph 3.5.2 of SPPS-2B to require that the
chemical analyses of the stress-rupture specimen after test shall demon-
strate that the degree of environmental contamination did not exceed the
following limits: total increase in oxygen plus nitrogen content--less than
100 ppm; increase in hydrogen content--less than 5 ppm; increase in car-
bon content--less than 10 ppm. The following limits shall apply to the
analytical results:

Carbon - 10 ppm
+

Oxygen - 50 ppm_

Nitrogen I s 0 ppm

Hydrogen t; 2 ppm

Amendment No. 3. Add to paragraph 3, 4,1 of. SPPS-2B the requirement
that all inprocess annealing and fina] anne:ahng shall be conducted in a vacuum
with the pressure less than 1.0 x 10" % torr, ~° = o '

Amendment No. 4. Add to paragraph 3. 4.1 of SPPS5-2B the requirement that
the semifinished and finished Cb-1Zr products shall be wrapped with two layers
of 0. 002 to 0. 005-inch thick, tantalum, columbium, or Cb-1Zr foil for the
purpose of providing additional protection from contamination during annealing
in a vacuum (pressure less than l. 0x 10" " torr).
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SEAMLESS TUBING:

COLUMBIUM - 1% ZIRCONIUM ALLOYCONTINUED

DATE

4-19-65

NO.

01-0004-03-B

e

The following exceptions to specification no. 01-0004-02-B are applicable:

Paragraph 3.3.1.

Table I (page four).

Ingot/Billet Composition is changed to read:
composition of ingots and billets for conversion to finished products shall conform to
A minimum of four analyses shall be obtained as follows: ingot/
All analyses must

billet top-center, mid-radius and edge; ingot/billet bottom-center.
conform to ranges stated in Table Ii

Paragraph 3.5.2,

Paragraph 4.3.

Paragraph 4.4.

Stress-Rupture requirement is deleted.

Stress-Rupture regquirement is deleted.

Number of Tests Required is changed to read:

Finished Product Chemistry - one per lot per ingot
Tensile Test - two per lot per ingot
Flare Test - two per lot per ingot
Grain Size - two per lot per ingot
Microhardness Traverse - one per lot per ingot
Hydrostatic Proof Test - 100%

Paragraph 4.6.3.1. Radiographic requirement is deleted.

Paragraph 4.5.3.3.

Paragraph 6.1. Lot is changed to read: All material of the same size, shape,

condition and finish produced from one ingot and which has received the same processing,
has been annealed in the same vacuum annealing charge and has been processed simultane-
ously in all operations in which the temperature may reach 500°F or above,

Penetrant Inspection is specified.

The chemical

N NG WE N SN ay @ N an

When processin

temperatures are closely controlled or when closely adjacent sizes receive similar process-

ing, lots may be combined for chemical and tensile tests only, provided prior written

approval has been obtained from the purchaser,

Only amendments 1, 3 and 4 are applicable.

All items shall be clearly identified with the revised specification number.
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SPECIFICATION

BAR AND ROD: Mo-TZM (Mo-0.5Ti-0.08Zr) ALLOY

1. SCOPE

1.1. Scope. This specification covers Mo-TZM (Mo-0.5Ti-0.08Zr) alloy in bar
and rod form intended for high temperature structural applications in alkali
metal systems.

1.2, Classes. SPPS-15A-R1 Recrystallized
SPPS-15B-R1 Stress-Relieved

2. APPLICABLE DOCUMENTS

2.1. Government Documents. None,

2.2. Non-Government Documents

ASTM Designation E8-57T Methods of Tension Testing of
(26 December 1957) Metallic Materials
ASTM Designation E29~58T Recommended Practices for Desig-

nating Significant Places in
Specified Limiting Values

ASTM Designation E112-61 Estimating Average Grain Size
(1961) of Metals
AMS 2635 Radiographic Inspection

(15 August 1958)

AMS 2645 Fluorescent Penetrant Inspection
(1 March 1955)

AMS 2646 Contrast Dye Penetrant Inspection
(1 March 1955)

3. REQUIREMENTS

3.1. Acknowledgments. The vendor shall mention this specification in all
quotations and all purchase order acknowledgments.
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3.2. Manufacture. Material ccverec by this specificaticn shall be

made from ingots which have been vacuum melted by the electron beam
and/or consumable electrode arc melting processes. Breakdown opera-
tions shall be performed with conventicnal extrusion, forging and

rolling equipment normally found in primary ferrous and nenferrcus plants.

3.3. Processing. The starting stcck size, processing temperatures,
percentages of reduction and in-preccess and final annealing, aging or
stress-relieving temperatures and rimes shall be selected by the vendor
to achieve the structure or grain'size range specified in paragraph 3.6.
and mechanical properties specified in paragraph 3.7. The amount of
total reduction from the turned ingoct to the final products of Classes
A and B shall exceed 75%; the amount of final reduction imparted to
mill products of Class B since the last recrystallization anneal and
prior to the final stress-relief heat treatment shall not exceed 80%.
The amount of final reduction for each mill product, imparted just
prior to the final vacuum heat treatment and the total reduction since
the previous recrystallization anneal, shall be reported in the cer-
tificate of compliance.

3.4. Condition

3.4.1. Class A. The finished product shall be supplied in the re-
crystallized condition throughout the cross-sectional area to the grain®
size range specified in paragraph 3.5.

3.4.2. Class B. The finished product shall be supplied in the stress-
relieved condition throughout the cross-secticnal area as specified in
paragraph 3.6.

3.4.3. Heat Treating. All heating shall be carried cut in a vacuum
less than 1 x 10-4 torr or in a hydrcgen atmcsphere with a dew point

of less than -100°F. All mill products toc be heat treated shall be
thoroughly degreased, chemically cleaned and protected from the furnace
parts by an appropriate refractcry metal layer. The conditions cof
final heat treating shall be reported in the certificate of compliance.

3.4.4, Surface Contaminaticn. All items are to be free of contamin-
ation or internal oxidation determined by the following technique: re-
presentative samples of each bar diameter shall be subjected to thermal
treatment sufficient to induce approximately 80% recrystallization

“throughout the core of the crcss-sectional area. Indications of in-

hibited recrystallization at or near the surface by metallographic
examination of transverse sectionsof heat treated samples shall be
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construed as contamination and be cause for rejection of all material I'
represented by that sample. The material shall be acceptable if the
contaminated layer is completely eliminated before shipment by a machin-
-ing operation within the specified dimension and tolerances. '

3.5. Chemical Composition | l

'3.5.1. Ingot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table

1 (page 5). A minimum of four analyses shall be obtained as follows: ‘I
ingot top-center, mid-radius and edge, and ingot bottom-center; all
"analyses must conform to ranges stated in Table I.

'3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analysis for products supplied under
this specification (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined in the finished product.

3.5.3. Check Analysis. Finished product analysis shall not exceed
the following limits or variations:

o Check Analysis Permissible Variations
v - Element ~ Limits, Max., ppm ‘in Check Analysis, ppm
Carbon | 100 min; 400 max . i,SO .
}Oxygen - 25 + 5
Nitrogen 15 + 2
Hydrogen 5 : + 2

3.6. Structure

3.6.1. Class A. The grain size of the final products shall conform
to the following limits:

Allowable Spread
Product Diameter Minimum Allowable = in ASTM Grain Size % Ry
or Thickness,_Inches ASTM Grain Size No. Nos. in Any One Item Minimum,

7 6.125 to 0.250 4 2 100

" Over 0.250 to 0.500 4 2 100

(> over 0.500 to 1.0 4 2 100
Over 1.0 to 2.0 4 2 95

3 3 90

Greater Than 2.0
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Element

Molybdenum

Titanium
Zirconium
Carbon

Oxygen
Nitrogen
Hydrogen
Tungsten
Silicon
Iron
Chromium
Tin
Nickel
Copper
Aluminum

- Calcium

Manganese
Magnesium
Cobalt
Lead
Tantalum
Columbium
Vanadium

es

TABLE T

CHEMICAL COMPOSITION

Minimum Content

Mo-TZM (Mo-0.5T71i-0.08Zr) ALLOY

Maximum Content

/o W/o
99.25 ---
0.40 0.55
0.08 0.12
0.01 0.04
ppm
- 20
--- 10
-——— 5
——- 120
- 80
-—- 80
- 25
_——— 40
——— 20
_——— 20
-——- 20
——- 20
--- 20
—-- 20
-—- 20
--- 10
--- © 100 -
--- 100
-——— 100
_‘93_
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3.6.2. Class B. The grain size of the final product shall conform
to the following limits: s

i

Minimum Allowable
Equivalent ASTM
Grain Size No.

Product Diam;ter | Perpendicular to % Ry
~ ox Thickness, ¥nches Dirgction of Work Maximum
0.125 to 0.250% 4 5
% Over 0.250 to 0.500 4 5
_ Over 0.500 to 1.0 4 | 5
.‘ Over 1.0 to 2.0 | & 5
Greater Than 2.0 3 5

3.7. Mechanical Properties. The final product shall satisfy the
following mechanical property requirements:

'3.7.1. Room Temperature Tensile Properties. Representative samples
of the material in final form shall be capable of the follow1ng prop-
erty limits at room temperature (65°-85°F).

Diameter or '
‘Maximum Distance Minimum Minimum Minimum
Between Parallel Ultimate Tensile 0.2% Yield Elong., 7%
Class Sides, Inches Strength, ksi Strength, ksi in 4D44I
A - Less Than 2.0 80 55 20
A Over 2.0 to.4.5 75 45 10 l
0.125 to 0.875 115 100 18 .
Over 0.875 to 1.125 110 95 15 .
Over 1.125 to 1.875. 100 85 10 _
Over 1.875 to 2.875 90 80 10 '
Over 2.875 to 3.500 .~ 85 . 75
Over 3.500 to &.500 80 70 l
|
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'3,7.2. Room Temperature Hardness. Rod and bar supplied under this

specification shall conform to the following hardness requirements when
tested transverse to the final rolling direction. -

Diameter or Maximum
Distance Between Parallel - Hardness Range

Sidés, Inches (DPH - 10 Kg. Load)
0.125 to 0.875 i 260-320
Over 0.875 to 1.125 250-310
Over 1.125 to 1.875 245-300
Over 1.875 to 2.875 240-290
Over 2.875 to 3.500 235-285
Over 3.500 to 4.500 230-280

3.7.3. Stress-to-Rupture Tests. The material shall be capable of
achieving the following stress-rupture life under suitable environ-
mental conditions (see paragraph 5.4.3).

Test Temp. ‘Minimum Life
Class °F Stress, ksi Hours
A 2200 . 25 20
B 2200 40 20

3.8. Tolerances

3.8.1. Rolled, Swaged, or Drawn Rounds

3.8.1.1. Definition. Rod - 3.5 inches in diameter or less.

3.8.1.2. Diameter. The permissible variation in diameter and the
limits of out-of-roundness of descaled rounds shall not exceed those

in Table II (refer to page 8).

- 3.8.1.3. Cut Lengths. Maximum length variation shall be 0.25 inch.

3.8.1.4. Straightness. Maximum deviation shall be 0.050 inch per

“foot in any length.

73;3}2. Square or Rectangular Bar

3.8.2.1. Definition. Bar - any straight product with a rectangular
cross-section 0.187 inch. or more thick and less than 5 inches wide.
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TABLE II l
PE@@IBLE DIMENSIONAL VARIATIONS FOR ROUND BAR l
3 " Diameter
B Diameter ‘Variation - Qut-of-Roundness l
_ZInches ‘ Inch Inch
u.125 to 0.281 + 0.002, -0.002 0.004 '
Over 0.281 to 0.406 + 0.010, -0.005 0.008
Over 0.406 to 0.625 + 0.010, -0.005. 0.012
Over 0.625 to 0.875 + 0.015, -0.005 0.015 l
Over 0.875 to 1.000 + 0.020, -0.005 0.015 |
Over 1.000 to 1.375 + 0.020, -0.010 0.018
Over 1.375 to 1.500 + 0.020, -0.015 0.020 .
Over 1.500 to 1.625 + 0.025, -0.015 0.020
Over 1.625 to 2.000 + 0.030, -0.020 0.025
_\ Over 2.000 to 2.500 +0.032, -0.032 0.025 (]
¢ Over 2.500 to 3.250 + 0.032, -0.032 0.027
- Over 3.250 to 3.500 + 0.045, -0.045 0.040 .
Centerless Ground Rounds
0.0625 to 2.00 + 0.002, -0.002 '
Over 2.00 ' + 0.003, -0.002
|
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3.8.2.2. Dimensions. Unless otherwise specified, forged or rolled
square and rectangular shapes shall have the following tolerances: 2

Thickness Length Width
+ 0.025 inch or + 5%, + 0.125 Inch 4+ 0.125 Inch

whichever is Tess .
3.8.2.3. Straightness of Bar. Maximum deviation shall be 0.050 inch
per foot in any length. '

3.9. Reports. The manufacturer shall supply at least three copies

of a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results for each lot of material

in the shipment. The report shall also include the number of the speci-
fication and the purchase order or contract number.

4. MAXIMUM ALLOWABLE DISCONTINUITIES

4.1. General. The finished product shall be visibly free from oxide

or scale of any nature, grease, oil, residual lubricants, and other
extraneous materials. Cracks, laps, seams, gouges, and fins shall be
unacceptable. .

"4.2. Porosity and Inclusions. Indications of internal porosity and

non-metallic inclusions greater than 0.020 inch or 3% of the thickness,
whichever is smaller, shall be unacceptable. Those indications in the
range 0.010 inch to 0.020 inch or 2% of the thickness or diameter, which-
ever is smaller, shall be a minimum of 0.500 inch apart; those indica-
tions less than 0.010 -inch shall be a minimum of 0.12 inch apart.

4.3. Surface Rework. All surface pores, gouges, and other defects
deeper than 0.005-inch or 3% of the thickness, whichever is smaller,
shall be unacceptable. Surface imperfections may be faired smooth to
remove any notch effect provided dimensional tolerances are still main-
tained. ’

5. QUALITY ASSURANCE PROVISIONS

5.1. Vendor Responsibility. The manufacturer shall make all teésts and

,/inspections of the material covered by this specification before ship-

ment, unless otherwise specified. All test and inspection results shall
be furnished to the purchaser.
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5.2 Customer Review. The purchaser or his representative may witness
the testing and inspection of the material. The manufacturer shall give
the purchaser ample notice of the time and place cf designated tests. '
If the purchaser's representative is nct present at this time and a new
date is not set, the requirement for purchaser’s inspection at the place
of testing is waived. When the purchaser's representative is present

at the appointed time and place, the manufacturer shall afford him,
without charge, all reasonable facilities to assure that the material is
‘being furnished in accordance with this specification. The inspection
shall not interfere unnecessarily with production cperations.

5.3. Sample Selection. Care shall be exercised to insure that the
samples selected for testing and chemical analyses are representative

of the material.and uncontaminated by the sampling procedure. Samples
for the determination of mechanical properties shall be selected so as

to consume a minimum of material, i.e.., specimens from macerial of Class
A may be taken transverse to the final working directicn from bar of
sufficient width or from rod greater than 2 inches in diameter. If there
is any question about the sampling technique or the analysis, the meth-
ods for sampling and analysis shall be those agreed to by the buyer and
seller. The location of test samples shall be reported in the certificate
of compliance.

5.4, Test Methods

5.4.1. Chemical Analysis. Chemical analyses shall be ccnducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements. Disputes may be settled by accepted referee
methods.

5.4.2. Tensile Test. The tension test shall be conducted in accord-
ance with ASTM Designation E8-57T, '"Methods of Tension Testing of
Metallic Materials.'" Yield strength shall be determined by the offset
(0.2%) method. The tensile properties shall be determined by using a
strain rate of 0.005 inch per inch per minute up to 0.6% offset and

then 0.05 inch, plus or minus 0.02 inch, per inch per minute to fracture.

5.4.3. Stress-Rupture Tests. Stress-rupture properties of specimens
shall be determined by mutually acceptable testing techniques. Sug-
gested testing techniques for determining stress-rupture properties
are:

9G-
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Specimens ishall be tested in a vacuum of 1 x 1073 torr or
better. ﬁhe vacuum system shall incorporate an optically
tight 1iqu%d nitrogen cold trap or a getter-ion pump.
Specimens 5hall be held for a half hour at the test temper-
ature befo%p application of load.

Test tempe ature shall be maintained at plus or minus 1l0°F
during the'test.

5.4.4. Grain Size. Grain size determinations shall be made according
to ASTM Specification E112-61, "Estimating the Average Grain Size of
Metals."

5.5. Number of Tests Required. Representative test specimens from the
finished product representing each ingot and each lot of material shall
be taken to determine conformity to this specification. The minimum
frequency of these tests shall be:

. Finished Product Chemistry - one per lot per ingot
Teﬁsile Test  - .two per lot per ingot
Stress-Rupture Test - two per lot per ingoﬁ
Grain Size - two per lot per ingot

5.6. Retest and Rework

5.6.1. Surface Contamination. Any sample or specimen exhibiting ob-
vious surface contamination or improper preparation which disqualifies
it as a truly representative sample shall be replaced with a new sample.

5.6.2. Rework. If inspection and test results of a lot do not conform
to the requirements of this specification, the lot may be reworked at

the option of the manufacturer. The lot shall be acceptable if all
test results; after reworking, conform to this specification.

5.7. Inspection

’/5.7,1. Me;hods of Inspection

5.7.1.1. Radiographic. Whenever specified, the product shall be
radiographed and found free of porosity and inclusions as specified in
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paragraph 4.2 using the technique described in AMS 2635, ''Radiographic
Inspection." The radiographs and product shall be identified so the
exact position of each radiograph can be correlated with the specific
area on the particular product.

$.7.1.2. Ultrasépic. All material 0.125-inch diameter and larger
shall be inspected ultrasonically.

5.7.1.2.1. Method and Equipment. The finished products shall be ultra-
sonically inspected by the immersed technique at. 5 mc or above. Trans-
ducers shall be no larger than 0.75-inch diameter. Surface finishes
shall be no rougher than 125 rms. Inspection shall be by longitudinal
wave and by shear wave in two perpendicular directions, i.e., longitudi-
nal and transverse and shall be with focused transducers appropriate to
the diameter being inspected (360 degree transducers are allowable
where appropriate). Automatic equipment which traverses a spiral path
is satisfactory; but three traverses shall be made, one with the trans-
- ducer in the circumferential shear position, one with the transducer

in the axial shear position, and one with the transducer in the longi-
tudinal wave position, unless otherwise specified.

5.7.1.2.2. Calibration of Bar and Rod. Calibration shall be on notches
and holes in a segment of the material reserved solely for calibration
purposes or in a calibration specimen of similar nature and shape. The
depth of the notches shall be 3% of the bar thickness, 1.5% of the rod
diameter, or 0.005-inch, whichever is smaller; the width, no greater
than depth; the length, greater than ceam width. The notches shall be
placed perpendicular to the direction of the shear wave beam and per-
pendicular to the surface, e.g., axial and circumferential notches on
bar. 1In addition to the notches, a 0.020~-inch cdiameter hole shall be
made at least 0.5-inch deep in the calibration ciece parallel to the
surface at a distance from the surface of 1/2 the thickness or diameter
or, if the thickness exceeds 0.750 inch, 1/4, 1/2 and 3/4 of thickness.
Calibration settings to achieve 80% amplitude of these notches or holes
along with the magnitude of the other applicable calibration defects
shall be recorded. For example, on bar with shear wave, the notch on
the near surface should be set at 80% and the amplitudes recorded for
the indications from the hole and the notch on the far surface. Gain
settings should be recorded to achieve 80% as above and 80% -on each

of the other applicable calibration defects. For longitudinal wave,
,only the 0.020-inch diameter holes, with additional holes at 1/4 and

1/2 the thickness if the thickness exceeds 0.750 inch, shall be used
for calibration.
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q 5.7.1.2.3. Evaluation. Evaluation during inspection shall be made
against the appropriate calibration defect. For example, on bar with
shear wave, the defects on or near the far surface shall be compared

. to the calibration from the far surface notch; defects near the center
~ shall be compared to the calibration from the hole at the appropriate
- depth; defects on the near surface shall be compared to the calibration
' - from the near sufface notch.

the equipment sefial numbers, calibration amplitudes and gain settings,
gnd the amplitude and locations of each defect whose amplitude is 60%

' ¢r greater.

_,- ' 5.7.1.2.4. Repoits. The ultrasonic inspection report shall contain

$p.7.1.2.5. Rejection. The above procedure shall be followed and in-
dications of defects which exceed the magnitude obtained from the appro-

l priate calibrated notch in the sample shall be cause for rejection, un-
less otherwise agreed by the purchaser and vendor.

5.7.1.3. Penetrant Inspection. The exterior surface of the product

shall be penetrant inspected and found free of flaws as specified in

paragraph 4.3 using AMS 2645, "'Fluorescent Penetrant Inspection,' or

AMS 2646, "Contrast Dye Penetrant Inspection.'" All parts thus inspected

- shall be marked with ink stamps as described in the specification; im-
pression stampings or etching shall be unacceptable.

5.7.1.4. Reports. The manufacturer shall supply at least three copies
of a report showing inspection results for each lot of material in the

l shipment. The report shall also include the number of the specifica-
tion and the purchase order or contract number.

l 5.8. Rejection. Material not conforming to this specification or to
any authorized modification shall be subject to rejecticn. Unless other-
l wise specified, rejected material may be returned to the manufacturer
at the manufacturer's expense if the purchaser does not receive other
instructions for disposition within three weeks after notice of rejection.

l 5.9. Referee. If the manufacturer and the purchaser disagree about
the conformance of the material to the requirements of this specifica-
l tion or any special test specified by the purchaser, a mutually accept-=

//able referee's test shall be used to determine conformance.

l 6. PREPARATION FOR DELIVERY

6.1. Tdentification. Each bundle, box, or carton shall be legibly
\l and conspicuously marked or taggad with the oumber of this specficaticn.
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purchase order or contract number, type, ingot number, lot number, nom-
inal size, and the gross, net, and tare weights. When each bundle, box,
or -carton consists of components from more than one ingot number or lot
qnumber, each component shall be identified individually.

'6.2. Packing. ﬂach individual item shall be wrapped in heavy gauge
polyethylene film or similar material and packed in a manner assuring
safe delivery when properly transported by any common carrier.

7. DEFINITIONS

7.1. Lot. A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has been
obtained from the General Electric Company.

7.2. Check Analysis. An analysis may be requested by the purchaser

of the metal after it has been processed into finished mill forms, to
verify the composition within a heat or lot. Check analysis tolerances
do not broaden the specified heat analysis requirements but rather
cover variations between laboratories in the measurement of the chemical

content.

7.3. Significance of Numerical Limits. For determining compliance

with the specified limits for requirements of the properties listed be-
low, an observed value or a calculated valve shall be rounded off using
the rounding-off method in ASTM Designation E29-33T, ""Recommended Prac-
tices for Designating Significant Places in Specified Limiting Values."

Rounded-0ff Uniﬁ for

Test _ Observed or Calculated Value -
Chemical composition and di- Nearest unit in the last right-
mensional tolerances (when hand place of figures of the
. expressed decimally) specified limit
Tensile strength Nearest 100 psi
' Elongation Nearest 1%
Rupture life Nearest 0.1 hour
~3102-
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SPECIFICATION

BAR AND ROD: Mo-TZM (Mo-0.5Ti-0,08Zr) ALLOY

prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Contract NAS 3-2547

SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
GENERAL ELECTRIC COMPANY
CINCINNATI, OHIO 45215
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DATE

BAR AND ROD: Mo-TZM (Mo-0,5Ti-0.08Zr) ALLOY - CONTINUED 4-20-65

NO.

01-0009-01-B

The following exception of Specification No. 01-0009-~00-B is:

Table I - Chemical Composition: The minimum zirconium content is lowered to

0.06 weight per cent,.
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SPECIFICATION

T-111(Ta-8W-2Hf) ALLOY

1. SCOPE

1.1. Scope. This specification covers T-111 (Ta-8W-2Hf) alloy in
bar and rod form intended for high temperature structural applications

and alkali metal containment.

2. APPLICABLE DOCUMENTS

2.1. Government Documents. None

2.2. Non-Government Documents

ASTM Designation E8-57T
(26 December 1957)

ASTM Designation E29-58T
(1958)
ASTM Designation E112-61
(1961)

ASM 2635
(15 August 1958)

ASM 2645
(1 March 1955)

AMS 2646
(1 March 1955)

3. REQUIREMENTS

Method of Tension Testing of
Metallic Materials

Recommended Practices for Des-
ignating Significant Places in
Specified Limiting Values

Estimating the Average Grain
Size of Metals

Radiographic Inspection
Fluorescent Penetrant Inspec-
tion

Contrast Dye Penetrant Inspec-
tion

3.1. Acknowledgments. The vendor shall mention this specification
in all quotations and all purchase order acknowledgments.

~106~-




SPPS-22-R1
23 December 1964
Page 3 of 14

3.2, Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
operations shall be performed with conventional extrusion, forging and
rolling equipment normally found in primary ferrous and nonferrous
plants.

3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor to achieve the grain size range speci-
fied in paragraph 3.6 and mechanical properties specified in paragraph
3.7. The amount of total reduction from the turned ingot to the fin-

ished product shall exceed 75%. The amount of final reduction for

each mill product, imparted just prior to the final vacuum heat treat-
ment and the total reduction since the previous recrystallization
anneal, shall be reported in the certificate of compliance.

3.4. Condition

3.4.1. General. The finished product shall be supplied in the recrys-
tallized condition throughout the cross-sectional area to the grain
size range specified in paragraph 3.6.

3.4.2, Heat Treatment. All annealing shall be carried out in a vacuum
of less than 1 x 10-2 torr. All mill products to be annealed shall be
thoroughly degreased, chemically cleaned and protected from furnace
parts by a layer of fresh tantalum, columbium or Cb-1Zr foil 0.002-
inch thick or greater. When annealing is carried out in a vacuum
greater than 1 x 10~3 torr, with the prior approval of the purchaser,
all mill products shall be enclosed in a chemically cleaned tantalum,
columbium or columbium-17% zirconium alloy retort or wrapped in a
minimum of two layers of fresh tantalum, columbium or columbium-17
zirconium alloy foil 0.002-inch thick or greater. The conditions of
final annealing shall be reported in the certificate of compliance.

3.4.3. Contamination. All items are to be free of contamination or
internal oxidation. After final heat treatment, the material shall be
examined metallographically for evidence of possible contamination
caused by unsatisfactory heat treating atmospheres or processing con-
ditions. A microhardness traverse shall show a hardness increase not
greater than 50 VHN from the center to the surface of a cross sectional
sample of the final product. At the discretion of the purchaser, sam-
ples taken to include at least one surface of the final product, and
not exceeding 0.050-inch thick, may be chemically analyzed by the
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purchsssr for oxygen, nitcrogen, hydrogen and carbon. The analyses
sha'l not exceed the limits set forth in paragraph 3.5.3. Any indica-
tion of contamination shall be cause for rejection of all material re-
presented by that sample. The material shall be acceptable if the con-
taminated layer is completely eliminated before shipment by a machining
operation within the specified dimensions and tolerances.

3.5. Chemical Composition

3.5.1. Ingot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 5). A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.

3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analysis for products supplied under
this specification (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined in the finished product.

3.5.3. Check Analysis. Finished product analysis shall not exceed
the following limits or variations:

Check Analysis Permissible Variations
Element Limits, Max., ppm in Check Analysis, ppm
Carbon 50 + 10
Oxygen 150 + 20
Nitrogen 75 + 10
Hydrogen 10 + 2

3.6. Grain Size. The grain size of the final products shall conform
to the following limits:
Allowable Spread
Product Diameter Minimum Allowable in ASTM Grain Size % Rx
or Thickness, Inches ASTM Grain Size No. Nos. in Any One Item Minimum

0.125 to 0.250 4 2 100
0.250 to 0.500 4 2 100
0.500 to 1.0 4 2 100
1.0 to 2.0 4 2 95
Greater than 2.0 3 3 90
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TABLE I
CHEMICAL COMPOSITION
T-111 (Ta-8W-2Hf) ALLOY
Minimum Content Maximum Content

Element _ppm ppm
Carbon - 50
Nitrogen - 50
Oxygen - 100
Hydrogen - 10
Columbium - 1000
Molybdenum - 200
Nickel - 50
Cobalt - 50
Iron - 50
Vanadium - 20
Tungsten. 7.0 %/, 9.0 ¥/g
Hafnium 1.8 ¥/, 2.4 W/

Tantalum Remainder -
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3.7. Mechanical Properties. The final product shall satisfy the
following mechanical property requirements:

3.7.1. Room Temperature Tensile Properties. Representative samples
of the material in final form shall be capable of the following property
limits at room temperature (65°-85°F).

Ultimate Tensile 0.2% Yield Elong., %
Strength, ksi Strength, ksi. in 4D
Minimum Maximum Minimum Maximum Minimum
80 110 65 100 20

3.7.2. Stress-to-Rupture Tests. The material shall be capable of
achieving the following stress-rupture life under suitable environ-
mental conditions (see paragraph 5.4.3.).

Minimum Life

Test Temp., °F Stress, ksi Hours

2400 19 20

Chemical analysis of stress-rupture specimens after test shall demon-
strate that the degree of environmental contamination did not exceed
the following limits: Total increase in oxygen plus nitrogen content --
less than 50 ppm; increase in hydrogen content -- less than 5 ppm; in-

crease in carbon content -- less than 10 ppm. The following limits shall

apply to the analytical results:

Carbon 10 ppm
Oxygen T 25 ppm
Nitrogen * 25 ppm
Hydrogen T 2 ppm

3.8. Tolerances

3.8.1. Rolled, Swaged, or Drawn Rounds

3.8.1.1. Definition. Rod - 3.5 inches in diameter or less.
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3.8.1.2. Diameter. The permissible variation in diameter and the
1imits of out-of-roundness of descaled rounds shall not exceed those

in Table II (refer to page 8).

3.8.1.3. Cut Lengths. Maximum length variation shall be 0.25 inch.

3.8.1.4., Straightness. Maximum deviation shall be 0.050 inch per
foot in any length.

3.8.2. Square or Rectangular Bar

3.8.2.1. Definition. Bar - any straight product with a rectangular
cross-section 0.187 inch or more thick and less than 5 inches wide.

3.8.2.2. Dimensions. Unless otherwise specified, forged or rolled
square and rectangular shapes shall have the following tolerances:

Thickness Length Width
_+ 0.025 inch or + 5%, + 0.125 inch + 0.125 inch

whichever is less

3.8.2.3. Straightness of Bar. Maximum deviation shall be 0.050 inch
per foot in any length.

3.9. Reports. The manufacturer shall supply at least three copies

of a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results for each lot of material

in the shipment. The report shall also include the number of the speci-
fication and the purchase order or contract number.

4. MAXIMUM ALLOWABLE DISCONTINUITIES

4.1. General. The finished product shall be visibly free from oxide
or scale of any nature, grease, oil, residual lubricants, and other
extraneous materials. Cracks, laps, seams, gouges, and fins shall be
unacceptable.

4.2. Porosity and Inclusions. Indications of internal porosity and
non-metallic inclusions greater than 0.020 inch or 3% of the thickness,
whichever is smaller, shall be unacceptable. Those indications in the
range 0.010 inch to 0.020 inch or 2% of the thickness or diameter,
‘whichever is smaller, shall be a minimum of 0.500 inch apart; those
indications less than 0.010 inch shall be a minimum of 0.12 ingh apart.
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TABLE II

PERMISSIBLE DIMENSICNAL VARIATIONS FOR ROUND BAR

, Diameter
~_ Diameter -~ Variation Out-of-Roundness
Inches Inch Inch

0.125 to 0.281 + 0.002, -0.002 0.004
Over 0.281 to 0.406 + 0.010, -0.005 0.008
Over 0.406 to 0.625 + 0.010, -0.005 0.012
Over 0.625 to 0.875 + 0.015, -0.005 0.015
Over 0.875 to 1.000 + 0.020, -0.005 0.015
Over 1.000 to 1.375 +.0.020, -0.010 0.018
Over-1.375 to 1.500 +.0.020, -0.015 0.020
Over 1.500 to 1.625 + 0.025, -0.015 0.020
Over 1.625 to 2.000 + 0.030, -0.020 0.025
Over 2.000 to 2,500 + 0.032, -0.032 0.025
“Over 2.500 to 3.250 + 0,032, -0.032 0.027
Over 3.250 to 3.500 + 0.045, -0.045 0.040

Centerless Ground Rounds

0.0625 to 2.0 + 0.002, -0.002
_Over 2.0 + 0.003, -0.002
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4.3. Surface Rework. All surface pores, gouges, and other defects
deeper than 0.005 inch or 3% of the thickness, whichever is smaller,
shall be unacceptable. Surface imperfections may be faired smooth
to remove any notch effect provided dimensional tolerances are still

maintained.

5. QUALITY ASSURANCE PROVISIONS

5.1. Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment, unless otherwise specified. All test and inspection results
shall be furnished to the purchaser.

5.2. Customer Review. The purchaser or his representative may wit-
ness the testing and inspection of the material. The manufacturer
shall give the purchaser ample notice of the time and place of desig-
nated tests. If the purchaser's representative is not present at this
time and a new date is not set, the requirement for purchaser's in-
spection at the place of testing is waived. When the purchaser's
representative is present at the appointed time and place, the manu-
facturer shall afford him, without charge, all reasonable facilities
to assure that the material is being furnished in accordance with
this specification. This inspection shall not interfere unnecessarily
with production operations.

5.3. Sample Selection. Care shall be exercisedto;insure that the
samples selected for testing and chemical analyses are representative
of the material and uncontaminated by the sampling procedure. Samples
for the determination of mechanical properties shall be selccted so

as to consume a minimum amount of material, i.e., specimens may be
taken transverse to the final working direction from bar of suffi-
cient width or from rod greater than 2 inches in diameter. If there
is any question about the sampling technique or the analysis, the

‘methods for sampling and analysis shall be those agreed to by the

buyer and seller. The location of test samples shall be reported in
the certificate of compliance.

5.4. Test Methods

5.4.1. Chemical Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements.
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5.4.2. Tensile Test. The tension test shall be conducted in accord-
ance with ASTM Designation E8-57T, '"Methods of Tension Testing of
Metallic Materials." Yield strength shall be determined by the offset
(0.2%) method. The tensile properties shall be determined using a
strain rate of 0.005 inch per inch per minute up to 0.6% offset, and
then 0.05 inch, plus or minus 0.02 inch, per inch per minute to frac-
ture.

5.4.3. Stress-Rupture Test. Stress-rupture properties of specimens
shall be determined by mutually acceptable testing techniques. Sug-
gested testing techniques for determining stress-rupture properties
are:

Specimens shall be tested in a vacuum of 1 x 1076 torr
or better. The vacuum system shall incorporate an op-
tically tight liquid nitrogen cold trap or a getter-ion

pump.

Specimens shall be held for a half hour at the test
temperature before application of load.

Test temperature shall be maintained at plus or minus
10°F during the test.

5.4.4. Grain Size. Grain size determinations shall be made according
to ASTM Specification E112-61, "Estimating the Average Grain Size of
Metals."

5.5. Number of Tests Required. Representative test specimens from

the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification. The mini-
mum frequency of these tests shall be:

Finished Product Chemistry - one per lot per ingot
Tensile Test - two per lot per ingot
Stress-Rupture Test - two per lot per ingot

Grain Size - two per lot per ingot

Microhardness Traverse - one per lot per ingot
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5.6. Retest and Rework

5.6.1. Surface Contamination. Any sample or specimen exhibiting ob-
vious surface contamination or improper preparation which disquali-
fies it as a truly representative sample shall be replaced with a new
sample.

5.6.2. Rework. If inspection and test results of a lot do not conform
to the requirements of this specification, the lot may be reworked at
the option of the manufacturer. The lot shall be acceptable if all
test results, after reworking, conform to this specification.

5.7. Inspection

5.7.1. Methods of Inspection

5.7.1.1. Radiographic. Whenever specified, the product shall be
radiographed and found free of porosity and inclusions as specified
in paragraph 4.2 using the technique described in AMS 2635, '""Radio-
graphic Inspection." The radiographs and product shall be identified
so the exact position of each radiograph can be correlated with the
specific area on the particular product.

5.7.1.2. Ultrasonic. All material 0.125-inch diameter and larger
shall be inspected ultrasonically.

5.7.1.2.1. Method and Equipment. The finished products shall be ultra-
sonically inspected by the immersed technique at 5 mc or above. Trans-
ducers shall be no larger than 0.75-inch diameter. Surface finishes
shall be no rougher than 125 rms. Inspection shall be by longitudinal
wave and by shear wave in two perpendicular directions, i.e., longitudi-
nal and transverse and shall be with focused transducers appropriate

to the diameter being inspected (360 degree transducers are allowable
where appropriate). Automatic equipment which traverses a spiral path
is satisfactory; but three traverses shall be made, one with the trans-
ducer in the circumferential shear position, one with the transducer

in the axial shear position, and one with the transducer in the longi-
tudinal wave position, unless otherwise specified.

5.7.1.2.2. Calibration of Bar and Rod. Calibration shall be on notches
and holes in a segment of the material reserved solely for calibration
purposes or in a calibration specimen of similar nature and shape. The
depth of the notches shall be 3% of the bar thickness, 1.5% of the rod
diameter, or 0.005 inch, whichever is smaller; the width, no greater
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than depth; the length, greater than beam width. The notches shall be
placed perpendicular to the direction of the shear wave beam and per-
pendicular to the surface, e.g., axial and circumferential notches on
bar. In addition to the notches, a 0.020-inch diameter hole shall be
made at least 0.5-inch deep in the calibration piece parallel to the
surface at a distance from the surface of 1/2 the thickness or diameter
or, if the thickness exceeds 0.750 inch, 1/4, 1/2 and 3/4 of thickness.
Calibration settings to achieve 80% amplitude of these notches or holes
along with the magnitude of the other applicable calibration defects
shall be recorded. For example, on bar with shear wave, the notch

on the near surface should be set at 80% and the amplitudes recorded
for the indications from the h¢le and the notch on the far surface.
Gain settings should be recorded to achieve 807% as above and 80% on
each of the other applicable calibration defects. For longitudinal
wave, only the 0.020-inch diameter holes, with additional holes at

1/4 and 1/2 the thickness if the thickness exceeds 0.750 inch, shall

be used for calibration.

5.7.1.2.3. Evaluation. Evaluation during inspection shall be made
against the appropriate calibration defect. For example, on bar with
shear wave, the defects on or near the far surface shall be compared

to the calibration from the far surface notch; defects near the center
shall be compared to the calibration from the hole at the appropriate
depth; defects on the near surface shall be compared to the calibration
from the near surface notch.

5.7.1.2.4. Reports. The ultrasonic inspection report shall contain
the equipment serial numbers, calibration amplitude and gain settings,
and the amplitude and locations of each defect whose amplitude is 60%
or greater.

5.7.1.2.5. Rejection. The above procedure shall be followed, and in-
dications of defects which exceed the magnitude obtained from the
appropriate calibrated notch in the sample shall be cause for rejec-
tion, unless otherwise agreed by the purchaser and vendor.

5.7.1.3. Penetrant Inspection. The exterior surface of the product
shall be penetrant inspected and found free of flaws as specified in
‘paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection," or
AMS 2646, "Contrast Dye Penetrant Inspection." All parts thus inspected
shall be marked with ink stamps as described in the specification; im-
pression stampings or etching shall be unacceptable.
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5.7.1.4. Reports. The manufacturer shall supply at least three copies
of a report showing inspection results for each lot of material in the
shipment. The report shall also include the number of the specificatiom
and the purchase order or contract number.

5.8. Rejection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense if the purchaser does not re-
ceive other instructions for disposition within three weeks after
notice of rejection.

5.9. Referee. If the manufacturer and the purchaser disagree about
the conformance of the material to the requirements of this specifica-
tion or any special test specified by the purchaser, a mutually accept-
able referee's test shall be used to determine conformance.

6. PREPARATION FOR DELIVERY

6.1. Identification. Each bundle, box, or carton shall be legibly

and conspicuously marked or tagged with the number of this specifica-
tion, purchase order or contract number, type, ingot number, lot number,
nominal size, and the gross, net, and tare weights. When each bundle,
box or carton consists of components from more than one ingot number

or lot number, each component shall be identified individually.

6.2. Packing. Each individual item shall be wrapped in a heavy gauge
polyethylene film or similar material and packed in a manner assuring
safe delivery when properly transported by any common carrier.

7. DEFINITIONS

7.1. Lot. A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has been
obtained from the General Electric Company.
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7.2. Check Analysis. An analysis may be requested by the purchaser

of the metal after it has been processed into finished mill forms, to
verify the composition within a heat or lot. Check analysis tolerances
do not broaden the specified heat analysis requirements but rather
cover variations between laboratories in the measurement of the chem-
ical content.

7.3. Significance of Numerical Limits. For determining compliance
with the specified limits for requirements of .the properties listed be-
low, an observed value or a calculated value shall be rounded off using
the rounding-off method in ASTM Designation E29-58T, ''Recommended
Practices for Designating Significant Places in Specified Limiting
Values."

Rounded-0ff Unit for

Test Observed or Calculated Value
Chemical composition and di- Nearest unit in the last right-
mensional tolerances (when ex- hand place of figures of the
pressed decimally) specified limit
Tensile strength Nearest 100 psi
Elongation Nearest 1%
Rupture life Nearest 0.1 hour
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SPECIFICATION

SEAMLESS. TUBING AND PIPE: T-111 (Ta-8W-2Hf) ALLOY

1, SCOPE

1.1. Scope. This specification covers T-111 (Ta-8W-2Hf) alloy in tube and
pipe form intended for high temperature structural application and alkali metal
containment.

2. APPLICABLE DOCUMENTS

2.1. Government Documents. None

2.2. Non-Government Documents

ASTM Designation E8-537T Method of Tension Testing of
(26 December 1957) Metallic Materials

ASTM Designation E29-58T Recommended Practices for
(1958) Designating Significant Places

in Specified Limiting Values

ASTM Designation E112-61 Estimating Average Grain Size
(1961) of Metals
AMS 2635 Radiographic Inspection

(15 August 1958)

AMS 2645 Fluorescent Penetrant Inspection
(1 March 1955)

AMS 2646 Contrast Dye Penetrant Inspection
(1 March 1955)

3. REQUIREMENTS

3.1. Acknowledgments. The vendor shall mention this specification in all
quotations and all purchase order acknowledgments.
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3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
operations shall be performed with conventional extrusion, forging,
tube reducing and drawing equipment normally found in primary ferrous
and nonferrous plants.

3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor to achieve the grain size range speci-
fied in paragraph 3.6 and mechanical properties specified in paragraph
3.7. The total:amount ‘of teduction from the turned ingot to the final
product shall exceed 75%. The amount of final reduction for each mill
product, imparted just prior to the final vacuum heat treatment, and
the total reduction since the last recrystallization anneal shall be
reported in the certificate of compliance.

3.4. Condition

3.4.1. General. The finished product will be supplied in the recrys-
tallized condition throughout the cross-sectional area to the grain

size range specified in paragraph 3.6.

3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum

.of less than 1 x 10-D torr. All mill products to be annealed shall be

thoroughly degreased, chemically cleaned and protected from furnace

parts by a layer of fresh tantalum, columbium or Cb-1Zr alloy foil 0.002-
inch thick or greater. When annealing is carried out in a vacuum greater
than 1 x 105 torr, with the prior approval of the purchaser, all mill -
products shall be enclosed in a chemically cleaned tantalum, columbium:

. or Cb-1Zr alloy retort or wrapped in a minimum of two layers of fresh

tantalum, columbium or Cb-1Zr alloy foil 0.002-inch thick or greater.
The conditions of final annealing shall be reported in the certificate

of compliance.

3.4.3. Contamination. All items are to be free of contamination or
internal oxidation. After final heat treatment, the material shall be
examined metallographically for evidence of possible contamination
caused by unsatisfactory heat treating atmospheres or processing con-
ditions. A microhardness traverse shall show a hardness increase not
greater than 50 VHN from the center to the surface of a cross sectional
sample of the final product. At the discretion of the purchaser, sam-
ples taken to include at least one surface of the final product, and
not exceeding 0.050-inch thick, may be chemically analyzed by the
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purchaser for oxygen, nitrogen, hydrogen and carbon. The analyses shall
not exceed the limits set forth in paragraph 3.5.3. Any indication of
contamination shall be cause for rejection of all material represented
by that sample. The material shall be acceptable if the contaminated
layer is completely eliminated before shipment by a machining operation
“within the specified dimensions and tolerances.

3.5. Chemical Composition

3.5.1. Ingot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table

I (page 5. A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.

3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analyses fior products supplied under
this .specification (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined on the finished product.

3.5.3. Check Analysis. The finished product analysis shall not ex-
ceed the following limits or variations: ‘

For Wall Thicknesses 0,020 Inch or Greater

Check Analysis Permissible Variations
Element Limits, Max., ppm in Check Analysis, ppm
Carbon 50 + 10
Oxygen 150 o+ 20
Nitrogen 75 + 10
Hydrogen 10 + 2

For Wall Thicknesses Less Than 0.020 Inch

Check Analysis Permissible Variations
Element Limits, Max., ppm in Check Analysis, ppm
Carbon 75 + 10
Oxygen 300 + 20
Nitrogen 100 + 10
Hydrogen 10 + 2
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TABLE I
CHEMICAL COMPOSITION
T-111 (Ta-8W-2Hf) ALLOY
Minimum Content Maximum Content

Element .Rpm_ _ppm
Carbon - 50
Nitrogen - 50
Oxygen - 100
Hydrogen - 10
Columbium - 1000
Molybdenum - 200
Nickel - 50
Cobalt - 50
Iron - 50
Vanadium - 20
Tungsten 7.0 ¥/o 9.0 w/o
Hafnium 1.8 ¥/, 2.4 W/

Tantalum Remainder -
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3.6. Grain Size. The grain size of the final products shall conform
to the following limits:

Allowable Spread
Product Wall Minimum Allowable in ASTM Grain Size 7% Rx
Thickness, Inches ASTM Grain Size No. Nos. in Any One Item Minimum

Less than 0.010 6 2 100
0.010 to 0.065 6 2 100
0.065 to 0.0125 5 2 100
0.125 to 0.250 4 2 95
0.250 to 0.500 ' 3 3 90

3.7. Mechanical Properties. The final product shall satisfy the fol-
lowing mechanical property requirements:

3.7.1. Room Temperature Tenslle Properties. Representative samples
of the material in final form shall be capable of the following prop-
erty limits at room temperature (65°-85°F).

Ultimate Tensile 0.2% Yield
Strength, ksi Strength, ksi Elong., %(1)
. Minimum Maximum Minimum Maximum Minimum
80 110 65 100 20

(1) % Elongation in 4D for Threaded or Button-
Head Test Specimens; in 2 Inches for Flat
Specimens.

3.7.2. Stress-to-Rupture Tests. The material shall be capable of
achieving the following stress-rupture life under suitable environ-
mental conditions (see paragraph 5.4.3):

Minimum Life
Test Temp., °F Stress, ksi Hours

2400 19 20
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Chemical analyses of stress-rupture specimens after test shall demon-
strate that the degree of environmental contamination did not exceed
the following limits: total increase in oxygen plus nitrogen content--
less than 50 ppm; increase in hydrogen content--less than 5 ppm; in-
crease in carbon content--less than 10 ppm. The following limits shall
apply to check analyses of the analytical results:

Carbon + 10 ppm
Oxygen + 25 ppm
Nitrogen + 25 ppm
Hydrogen + 2 ppm

3.7.3. Hydrostatic Test. Each tube, 1/8 inch or larger in outside
diameter with a wall thickness of 0.015 inch or over, shall be tested
to a hydrostatic pressure sufficient to produce a fiber stress of
12,000 psi. The test pressure, not to exceed 10,000 psi, shall be de-

termined by the equation (P = 25t/D), where:
P = hydrostatic test pressure in pounds per square inch;
S = 12,000 psi;

t < average wall thickness of the tube in inches;
D = outside diameter of the tube in inches.

3.7.4. Flare Test. A section of the heat treated tube shall be cap-
able of being flared without cracking. The flare shall be made with a
tool having a 60-degree included angle until the specified outside
diameter has been increased by 15%.

3.8. Tolerances

3.8.1. Diameter and Wall Thickness. The permissible variations in
diameter and wall thickness of tube shall not exceed those prescribed
in Table II (refer to page 8).

3.8.2. Length. When tube is ordered cut-to-length, the usable length
shall not be less than that specified, but a variation of plus 1/8

inch will be permitted in lengths up to 6 feet. In lengths over 6 feet,
a variation of plus 1/4 inch will be permitted, unless otherwise speci-

fied.
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TABLE IT

PERMISSIBLE VARIATIONS IN TUBE DIMENSIONS

Wall
Nominal OD oD ID Thickness
Inches Inch Inch YA

0.187 to but not incl. 0.625 + 0.004 + 0.004 + 10
0.625 to but not incl. 1.000 + 0.005 + 0.005 + 10
1.000 to but not incl. 2.000 + 0.0075 + 0.0075 + 10
2.000 to but not incl. 3.000 + 0.010 + 0.010 + 10
3.000 to but not incl. 4.000 + 0.0125 + 0,0125 + 10

(1) Tolerances are applicable to only the two dimensions specified

(2)

(3)

(4)

on the purchase order, e.g., outside diameter and wall; inside
diameter and wall; outside diameter and inside diameter.

For tolerances applicable for very small tubes (less than 0.187-
inch diameter) or very thin-wall tubes (less than 0.010-inch
thick), the producer shall be consulted.

For tubes having an inside diameter less than 60% of the outside
diameter or a wall 3/4 inch or over thick, which cannot be suc-

cessfully drawn over a mandrel, the inside diameter may vary by

an amount equal to plus or minus 10% of the wall thickness. The
wall thickness of these tubes may vary plus or minus 12.5% from

that specified.

Ovality measured at any cross section: For tubes with nominal
wall thickness less than 3% of the nominal outside diameter, the
ovality tolerances are double the tolerances in column 2 or 3.
For ovality tolerances for tubes with wall thickness less than

L

" nominal outside diameter, the producer shall be consulted.

1 2h
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3.8.3. Straightness. The tube shall be free of bends or kinks. For
lengths up to 10 feet, the maximum bow shall not exceed one part in
1200; for lengths greater than 10 feet, the maximum bow shall not ex-
ceed one part in 600; unless otherwise agreed upon.

3.9, Reports. The manufacturer shall supply at least three copies
of a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results for each lot of material
in the shipment. The report shall also include the number of the

specification and the purchase order or contract number.

4. MAXIMUM ALLOWABLE DISCONTINUITIES

4.1. General. Cracks, laps, seams, fins, and tears shall be unaccept-
able. The surface shall also be free from oxide or scale of any nature,
grease, oil, residual lubricants, or other extraneous material.

4.2. Porosity and Inclusions. Indications with dimensions greater
than 3% of the wall thickness shall be unacceptable. Indications with
dimensions in the ranges of 1% to 3% of wall thickness must be a mini-
mum of 0.50-inch apart. Indications with dimensions less than 1% of

the wall thickness must be a minimum of 0.12 inch apart.

4.3. Surfdce Rework. Defects less than 3% of the nominal wall thick-
ness detected by penetrant or ultrasonic inspection may be removed by

grinding provided the wall thickness is not decreased below that per-

mitted in Table II (refer to page 9).

5. QUALITY ASSURANCE PROVISIONS

5.1. Vendor Responsibility. The manufacturer shall make all test
and inspections of the material covered by this specification before
shipment unless otherwise specified. All test and inspection results
shall be furnished to the purchaser.

5.2. Customer Review. The purchaser or his representative may wit-
ness the testing and inspection of the material. The manufacturer shall
give the purchaser ample notice of the time and place of designated
tests. If the purchaser's representative is not present at this time
and a new date is not set, the requirement of purchaser's inspection at
the pluce of testing is waived. When the purchaser's representative is
present at the appointed time and place, the manufacturer shall afford
him, without charge, all reasonable facilities to assure that the mate-
rial is being furnished in accordance with this specification. This
inspection shall not interfere unnecessarily with production operation.
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5.3. Sample Selection. Care shall be exercised to insure that the
sample selected for testing is representative of the material and un-
contaminated by the sampling procedure. If there is any question about
the sampling technique or the analysis, the methods for sampling and
analysis shall be those agreed to by the buyer and seller. The speci-
men configuration selected for the performance of the testing required
in paragraph 5.4.2, and 5.4.3 shall be mutually agreed upon by the ven-
dor and purchaser prior to placement of a purchase order. The location
of all test samples shall be reported in the certificate of compliance.

5.4, Test Methods

5.4.1., Chemical Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements.

5.4,2, Tenslle Test. The tension test shall be performed in accord-
ance with ASTM Designation E8-57T, '"Methods of Tension Testing of
Metallic Materials." Yield strength shall be determined by the offset
(0.2%) method. The tensile properties shall be determined using a
strain rate of 0.005 inch per inch per minute up to 0.6% offset and
then 0.050 inch, plus or minus 0.020 inch, per inch per minute to
fracture.

5.4.3. Stress-Rupture Test. Stress-rupture properties of specimens
shall be determined by mutually acceptable testing techniques. Sug-
gested testing technique for determining stress-rupture properties
are:

Specimens shall be tested in a vacuum of 1 x 10-6 torr
or better. The vacuum system shall incoxporate an optically
tight liquid nitrogen cold trap or a getter-ion pump.

Specimens shall be held for a half hour at the test tempera-
ture before application of load.

Test temperature shall be maintained at plus or minus 10°F
during the test.

5.4,4., Grain Size. Grain size determinations shall be made according

to ASTM Specification E112-61, "Estimating the Average Grain Size of
Metals."
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5.5. Number of Tests Required. Representative test specimens from
the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification. The
minimum frequency of these tests shall be:

Finished Product Chemistry - one per lot per ingot
Tensile Test - two per lot per ingot
Stress-Rupture Test - two per lot per ingot

Flare Test - two per lot per ingot

Grain Size - two per lot per ingot

Microhardness Traverse - one per lot per ingot
Hydrostatic Proof Test - 100%

5.6. Retest and Rework

5.6.1. Surface Contamination. Any sample or specimen exhibiting ob-
vious surface contamination or improper preparation which disqualifies
it as a truly representative sample shall be replaced with a new sam-

ple.

5.6.2. Rework. If inspection and test results of a lot do not con-
form to the requirements of this specification, the lot may be reworked
at the option of the manufacturer. The lot shall be acceptable if

all test results, after reworking, conform to this specification.

5.7.‘ Inspection

5.7.1. Methods of Inspection

5.7.1.1. Radiographic. When specified, the product shall be radio-
graphed and found free of porosity and inclusions as specified in
paragraph 4.2 using the techniques described in AMS 2635, '"Radiographic
Inspection." The radiographs and-product shall be identified so that
the exact position of each radiograph can be correlated with the speci-
fic area on a particular product.

5.7.1.2. Ultrasonic Inspection. Unless otherwise agreed to by the
purchaser and the vendor, the material shall be inspected ultrasonically.
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5.7.1.2.1. Method and Equipment. Ultrasonic inspection shall be by
the immersed technique at 5 mec or higher frequency using focused trans-
ducers. Inspection shall be by both circumferential and axial shear
techniques with longitudinal wave being added when the wall thickness
is greater than 0.150 inch. For longitudinal wave technique and for
circumferential shear, transducers up to 2 inches long may be used
with or without automatic equipment to rotate the tube past the trans-
ducer. If spiral pattern inspection traverse 1s not used, steps must
be taken to assure that the ultrasonic beam remains in the same posi-
tion relative to the tubing so the beam-to-tubing angle remains con-
stant. For axial (longitudinal) shear, transducers must have no
greater than 0.5 inch axial length. Transducers must be cylindrically
focused for a diameter range which includes the tubing on which it

is to be used. '

5.7.1.2.2. Calibration. Calibration shall be on notches (a total of
four, two axial and two circumferential), cut in the tube on both the
outside and inside surface unless otherwise specified. The depth of
the notches shall be 3% of the wall thickness to a minimum depth of
0.001 inch; the width, no greater than depth; the length, at least
that of the ultrasonic beam with a maximum length of 1 inch. Material
having a wall thickness greater than 0.150 inch shall also have an
0.020-1inch diameter hole machined into the wall in the longitudinal
direction at mid-point of the wall thickness. Focusing shall be done
to maximize the indication from the inside diameter notch placed pro-
perly for the type of inspection contemplated. After focusing is com-
pleted, the inside diameter indication shall be set at 80% and gain
' setting recorded. Gain setting for 80% on the outside diameter notch
shall also be recorded. Inspection shall be at the gain setting for
the inside diameter indication. A distance corresponding to the wall
thickhess shall be marked on the oscilloscope. Focal distance to the
part to be inspected shall be set to that used for the calibration
piece before beginning inspection. Calibration shall be done both be-
_fore and after the inspection or at the beginning and end of each work
shift. If calibration has changed (gain change greater than 5%), all-
inspections since the previous calibration shall be repeated.

5.7.1.2.3. Rejection. Rejection shall be by any indication which ex-
ceeds the amplitude of the respective calibration indication; i.e.,
inside diameter defects shall be compared to the indication from the
notch on the inside diameter, and outside diameter defects shall be
compared to the indication from the notch on the outside diameter,
Defects less than half the thickness from the surface or less than
0.150 inch from the surface, whichever is smaller, shall be compared
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to the outside diameter calibration indication. Defects more than half
the thickness from the incident surface or more than 0.150 inch from

the surface shall be compared to the indications from the inside diameter
calibration notch.

5.7.1.2.4. Reports. The ultrasonic inspection report shall contain
the equipment serial numbers, calibration amplitudes and gain settings
and the amplitude and location of each defect whose amplitude is 60%
or greater.

5.7.1.3. Penetrant Inspection. The exterior surface of the product
shall be penetrant inspected and found free of flaws as specified in
paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection," or
AMS 2646, 'Contrast Dye Penetrant Inspection.'" All parts thus in-
spected shall be marked with ink stamps as described in the specifica-
tion; impression stampings or etching shall be unacceptable.

5.7.1.4. Reports. The manufacture shall supply at least three copies
of a report showing inspection results for each lot of material in the
shipment. The report shall also include the number of the specifica-
tion and the purchase order or contract number.

5.8. Rejection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense if the purchaser does not re-
ceive other instructions for disposition within three weeks after
notice of rejection.

5.9. Referee. If the manufacturer and the purchaser disagree con-
cerning the conformance of the material to the requirements of this
specification or any special test specified by the purchaser, a mu-
tually acceptable referee's test shall be used to determine conform-
ance.

6. PREPARATION FOR DELIVERY

6.1. Identification. Each bundle, box, or carton shall be legibly
and conspicuously marked or tagged with the number of this specifica-
tion, purchase order or contract number, type, ingot number, lot num-
ber, nominal size, and the gross, net and tare weights. When each
bundle, box or carton consists of components from more than one ingot
number or lot number, each component shall be identified individually.
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6.2. Packing. The ends of each pipe or tube shall be sealed with
suitable plastic caps and each individual item shall be wrapped in
heavy gauge polyethylene or similar material and packed in a manner
assuring safe delivery when properly transported by a common carrier.

7. DEFINITIONS

7.1. Lot. A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been proceseed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has

been obtained from the General Electric Company.

7.2. Check Analysis. An analysis may be requested by the purchaser
of the metal, after it has been processed into finished mill forms,
for the purpose of verifying the composition within in a heat analy-
sis requirements but rather cover variations between laboratories in
the measurement of the chemical content. - .

7.3. Significance of Numerical Limits. For determining compliance
with the specified limits for requirements of the properties listed
below, an observed value or a calculated value shall be rounded off
using the rounding-off method in ASTM Designation E29-58T, '""Recommend-
ed Practices for Designating Significant Places in Specified Limiting
Values."

Rounded-0ff Unit for
Observed or Calculated Value

Chemical composition and Nearest unit in the last right-
dimensional tolerances hand place of figures of the
(when expressed decimally) specified limit

Tensile strength Nearest 100 psi

Elongation : Nearest 1%

Rupture life ‘ Nearest 0.1 hour
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SPECIFICATION

SHEET, PLATE, AND STRIP:

T-111 (Ta-8W-2Hf) ALLOY

SCOPE

This specification covers T-111 (Ta-8W-2Hf) alloy in

sheet, plate and strip form intended for high temperature structural
applications and alkali metal containment.

2.

2.1.

2.2.

APPLICABLE DOCUMENTS

Government Documents. None

Non-Government Documents

ASTM Designation E8-57T
(26 December 1957)

ASTM Designation E29-58T
(1958)

ASTM Designation E112-61
(1961)

AMS 2242A

(1 December 1950)

AMS 2635

(15 August 1958)

AMS 2645
(1 March 1955)

AMS 2646
(1 March 1955)

MAB-176-M
(6 September 1961)
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3. REQUIREMENTS

3.1. Acknowledgments. The vendor shall mention this specification in
all quotations and all purchase order acknowledgments.

3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
operations shall be performed with conventional extrusion, forging and

rolling equipment normally found in primary ferrous and nonferrous
plants.

3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor to achieve the grain size range speci-
fied in paragraph 3.6 and mechanical properties specified in paragraph
3.7. The amount of total reduction from the turned ingot to the final
product shall exceed 75%. The amount of final reduction for each mill
product, imparted just prior to the final vacuum heat treatment and the
total reduction since the previous recrystallization anneal, shall be
reported in the certificate of compliance.

3.4. Condition

3.4.1. General. The finished product shall be supplied in the recrys-
tallized condition throughout the cross-sectional area to the grain size
range specified in paragraph 3.6.

3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum
of less than 1 x 1072 torr. All mill products to be annealed shall be
thoroughly degreased, chemically cleaned and protected from furnace
parts by a layer of fresh tantalum, columbium or Cb-1Zr foil 0.002-inch
thick or greater. When annealing is carried out in a vacuum greater
than 1 x 103 torr, with the prior approval of the purchaser, all mill
products shall be enclosed in a chemically cleaned tantalum, columbium
or Cb-1Zr alloy retort or wrapped in a minimum of two layers of fresh
tantalum, columbium or Cb-1Zr alloy foil 0.002-inch thick or greater.
The conditions of final annealing shall be reported in the certificate
of compliance.

3.4.3. Contamination. All items are to be free of contamination or
internal oxidation. After final heat treatment, the material shall be
examined metallographically for evidence of possible contamination
caused by unsatisfactory heat treating atmospheres or processing
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conditions. A microhardness traverse shall show a hardness increase
not greater than 50 VHN from the center to the surface of a cross sec-
tional sample of the final product. At the discretion of the pur-
chaser, samples taken to include at least one surface of the final
product, and not exceeding 0.050-inch thick, may be chemically analyzed
by the purchaser for oxygen, nitrogen, hydrogen and carbon. The
analyses shall not exceed the limits set forth in paragraph 3.5.3.

Any indication of contamination shall be cause for rejection of all
material represented by that sample. The material shall be acceptable
if the contaminated layer is completely eliminated before shipment by
a machining operation within the specified dimensions and tolerances.

3.5. Chemical Composition

3.5.1. Ingot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 5). A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.

3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analysis for products supplied under
this specification (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined in the finished product.

3.5.3. Check Analysis. Finished product analysis shall not exceed the
following limits or variations:

Check Analysis Permissible Variations
Element Limits, Max., ppm in Check Analysis, ppm
Carbon 50 + 10
Oxygen 150 + 20
Nitrogen 75 + 10
Hydrogen 10 + 2

3.6. Grain Size. The grain size of the final products shall conform
to the following limits:
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Element
Carbon
Nitrogen
Oxygen
Hydrogen
Columbium
Molybdenum
Nickel
Cobalt
Iron
Vanadium
Tungsten
Hafnium

Tantalum

TABLE I

CHEMICAL COMPOSITION

T-111 (Ta-8W-2Hf) ALLOY

Minimum Content
_ppm

7.0 W/,
1.8 ¥/,

Remainder
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Maximum Content
pPpm

50
50

100
10
1000
200
50
50
50
20

9.0 W/,

,
2.4 ¥/
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Allowable Spread
Product Minimum Allowable in ASTM Grain Size % Ry
Thickness, Inches ASTM Grain Size No. Nos. in Any One Item Minimum

0.010 to.0.060 6 2 100
0;060 to 0.125 4 2 100
0.125 to 0.187 4 2 | 100
0.187 to 0.500 3 3 95
0.500 to 1.0 3 ' 3 95
Greater than 1.6 3 3 90

3.7. Mechanical Properties. The final product shall satisfy the
following mechanical property requirements:

3.7.1. Room Temperature Tensile Properties. Representative samples
of the material in final form shall be capable of the following prop-
erty limits at room temperature (65°-85°F).

Ultimate Tensile 0.2% Yield Elong., %
Strength, ksi Strength, ksi in 2 Inches
Minimum Maximum Minimum Maximum Minimum
80 110 65 100 20

3.7.2. Stress-to-Rupture Tests. The material shall be capable of
achieving the following stress-rupture life under suitable environ-
mental conditions (see paragraph 5.4.3).

Minimum Life
Test Temp., °F Stress, ksi Hours

2400 19 20

Chemical analysis of stress-rupture specimens after test shall demon-
strate that the degree of environmental contamination did not exceed
the following limits: total increase in oxygen plus nitrogen content--
less than 50 ppm; increase in hydrogen content--less than 5 ppm; in-
crease in carbon content--less than 10 ppm. The following limits shall
apply to check analyses of the analytical results:

-138~
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Carbon + 10 ppm |
Oxygen + 25 ppm
Nitrogen + 25 ppm
Hydrogen + 2 ppm

3.7.3. Bend Ductility. Representative samples of the materials in
final form shall withstand the following bend test at room tempera-
ture without failure when tested according to procedures described

in the most recent revision of the Materials Advisory Board report MAB-
176-M, "Evaluation Test Methods for Refractory Metal Sheet Materials."
The samples shall be sectioned with the long axis of the bend specimens
perpendicular to the final rolling direction.

3.7.3.1. Sheet 0.060 inch in thickness and under shall be bent over
a 1T radius through 105° at a ram speed of 1 inch per minute and sub-
sequently flattened for a total bend of 180°.

3.7.3.2. Sheet over 0.060 inch to 0.187 inch in thickness shall be
bent over a 1T radius through 105° at a ram speed of 1 inch per minute.

3.8. Tolerances

3.8.1. Plate

3.8.1.1. Definition. Plate includes material 6 inches wide or over and
0.187 inch or more in thickness.

3.8.1.2. Dimensions. Plate dimensions shall conform to the following
tolerances:

Thickness Width Length
+ 0.025 inch or + 5% + 0.125 inch + 0.125 inch

whichever is less

3.8.1.3. Flatness. Flatness tolerance on plate shall conform to
AMS 2242A, "Tolerances, Corrosion and Heat Resistant Sheet, Strip and

Plate."
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3.8.2. Sheet

3.8.2.1. Definition. Sheet includes material 6 inches wide or over
and up to 0.187 inch in thicknes.

3.8.2.2. Dimensions. Sheet dimensions shall conform to those pre-
sented in Table II.

3.8.2.3. Flatness. See paragraph 3.8.3.3.
3.8.3. Strip

3.8.3.1. Definition. Strip includes material 6 inches wide or less
and up to 0.187 inch in thickness.

3.8.3.2. Dimensions. Strip dimensions shall conform to those pre-
sented in Table II.

3.8.3.3. Flatness. Total deviation from flatness of sheet and strip
shall not exceed 67 as determined by the formula:

H x 100 = % Flatness Deviation
L
where
H = maximum distance from a flat reference surface
and
L = minimum distance from this point to the point of

contact with the reference surface.

The actual values shall be reported. In determining flatness, the
sheet shall not be subject to external pressure at any point but shall
lie freely on a flat surface during measurement. Oilcanning will be
reported. An estimate of the extent (area, height, etc.,) of these
defects shall be made.

3.9. Reports. The manufacturer shall supply at least three copies

of a report showing non-proprietary manufacturing methods, processing
conditions and test procedures and results for each lot of material in
the shipment. The report shall also include the number of the speci-
fi. ation and the purchase order or contract number..
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TABLE II

DIMENSIONAL TOLERANCES FOR SHEET AND STRIP

Material Width, Thickness
Thickness, Inch Inches Tolerances, Inch
0.010-0.019 to 24 + 0.001
0.020-0.039 to 24 + 0.0015
0.040-0.059 to 24 + 0.002
0.060-0.089 to 24 + 0.003
0.090-0.0129 to 24 + 0.004
0.130-0.159 to 24 + 0.005
0.160-0.187 to 24 + 0.010
Material Width
Thickness, Inch Tolerances, Inch

0.010-0.059 + 0.031, -0
0.060-0.125 + 0.046, -0
0.126-0.187 + 0.125, -0
Material - Length
Thickness, Inch Tolerances, Inch

0.010-0.059 + 0.046, -0
0.060-0.125 + 0.062, -0
0.126-0.187 | +0.125, -0
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4. MAXIMUM ALLOWABLE DISCONTINUITIES

4.1. General. The finished product shall be visibly free from oxide
or scale of any nature, grease, oil residual lubricants, and other
extraneous materials. Cracks, laps, seams, gouges, and fins shall be
unacceptable.

4.2. Porosity and Inclusions. Indications of internal porosity and
non-metallic inclusions greater than 0.020 inch or 3% of the thickness,
whichever is smaller, shall be unacceptable. Those indications in the
range 0.010 inch to 0.020 inch or 2% of the thickness, whichever is
smaller, shall be a minimum of 0.500 inch apart; those indications less
than 0.010 inch shall be a minimum of 0.12 inch apart.

4.3. Surface Rework. All surface pores, gouges, and other defects
deeper than 0.005 inch or 3% of the thickness, whichever is smaller,
shall be unacceptable. Surface imperfections may be faired smooth
to remove any notch effect provided dimensional tolerances are still
maintained.

5. QUALITY ASSURANCE PROVISIONS

5.1. Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment, unless otherwise specified. All test and inspection results
shall be furnished to the purchaser.

5.2. Customer Review. The purchaser or his representative may witness
the testing and inspection of the material. The manufacturer shall
give the purchaser ample notice of the time and place of designated
tests. If the purchaser's representative is not present at this time
and a new date is not set, the requirement for purchaser's inspection
at the place of testing is waived. When the purchaser's representa-
tive is present at the appointed time and place, the manufacturer shall
afford him, without charge, all reasonable facilities to assure that
the material is being furnished in accordance with this specification.
This inspection shall not interfere unnecessarily with production oper-
ations.

5.3. Sample Selection. Care shall be exercised to insure that the

samples selected for testing and chemical analyses are representative
of the material and uncontaminated by the sampling procedure. Samples
for the determination of mechanical properties shall be selected so as
to consume a minimum amount of material, i.e., specimens may be taken
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transverse to the final working direttion from plate and sheet and from
strip if of sufficient width. If there is any question about the sam-
pling technique or the analysis, the methods for sampling and analysis
shall be those agreed to by the buyer and seller. The location of test
samples shall be reported in the certificate of compliance.

5.4. Test Methods

5.4.1. Chemical Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon and the spectrochemical methods
for metallic elements.

5.4.2. Tensile Test. The tension test shall be conducted in accord-
ance with ASTM Designation E8-57T, '"Methods of Tension Testing of
Metallic Materials." Yield strength shall be determined by the offset
(0.2%) method. The tensile properties shall be determined using a
strain rate of 0.005 inch per inch per minute up to 0.6% offset and
then 0.050 inch, plus or minus 0.020 inch, per inch per minute to
fracture.

5.4.3. Stress-Rupture Test. Stress-rupture properties of specimens
shall be determined by mutually acceptable testing techniques. Sug-
gested testing techniques for determining stress-rupture properties

are:

Specimens shall be tested in a vacuum of 1 x 10~® torr
or better. The vacuum system shall incorporate an opti-
cally tight liquid nitrogen cold trap or a getter-ion pump.

Specimens shall be held for a half hour at the test temper-
ature before application of load.

Test temperature shall be maintained at plus or minus 10°F
during the test.

5.4.4., Grain Size. Grain size determinations shall be made according
to ASTM Specification E112-61, "Estimating the Average Grain. Size of
Metals."

5.5. Number of Tests Required. Representative test specimens from
the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification. The
minimum frequency of these tests shall be:
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Finished Product Chemistry - onelper lot per ingot
Tensile Test - two per lot per ingot
Stress-Rupture Test - two per lot per ingot

Bend Test - two per lot per ingot

Grain Size - two per lot per ingot

Microhardness Traverse - one per lot per ingot

5.6. Retest and Rework

5.6.1. Surface Contamination. Any sample or specimen exhibiting
obvious surface contamination or improper preparation which disquali-
fies it as a truly representative sample shall be replaced with a new
sample.

5.6.2. Rework. If inspection and test results of a lot do not con-
form to the requirements of this specification, the lot may be re-
worked at the option of the manufacturer. The lot shall be accept-
able if all test results, after reworking, conform to this specifica-
tion.

5.7. Inspection

5.7.1. Methods of Inspection

5.7.1.1. Radiographic. Whenever specified, the product shall be
radiographed and found free of porosity and inclusions as specified-
in paragraph 4.2 using the technique described in AMS 2635, '"Radio-
graphic Inspection." The radiographs and product shall be identified
so the exact position of each radiograph can be correlated with the
specific area on the particular product.

5.7.1.2. Ultrasonic. Unless otherwise agreed to by the purchaser
and the vendor, the material shall be inspected ultrasonically.

5.7.1.2.1. Method and Equipment. The finished products shall be
ultrasonically inspected by the immersed technique at 5 mc or above.
Transducers shall be no larger than 0.75-inch diameter. Surface fin-
ishes shall be no rougher than 125 rms. Inspection shall be by
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longitudinal wave and by shear wave in two perpendicular directions,
i.e., longitudinal and transverse shear.

Transducers for the shear wave inspection shall be focused, prefer-
ably cylindrically, to a beam no more than 0.125-inch wide in its
smaller dimension (where it enters the material being inspected).
Cylindrically-focused transducers shall not exceed 2 inches in length.
The focal distance shall be adjusted when the transducer is beamed
perpendicular to the surface of the calibration piece; then this focal
distance shall be maintained throughout the actual inspection. After
the focal distance is established, an appropriate shear wave angle
shall be set and the calibration notch indication shall be set at 80%
on the indication where the sound beam traverses one or two thicknesses
of the sheet (depending on whether the notch is on the far side or
incident sidé of the sheet). Calibration gain settings shall be re-
corded when the calibration defect is on both the incident and the far
side of the sheet. If there is any difference in the indication, that
gain setting giving an 80% indication from the side which produces the
smaller indication shall be used for inspection. Calibration shall be
done before and after the ultrasonic inspection or at the beginning
and end of each work shift. If the magnitude of indication from the
calibration notch differs 10% or more from the previous calibration,
all material inspected since then shall be reinspected.

5.7.1.2.2. Calibration of Plate. Calibration shall be on notches

and holes in a segment of the material reserved solely for calibration
purposes. The depth of the notches shall be 0.005 inch, the width
shall be 0,005 inch and the length greater than the ultrasonic beam
width. The notches shall be placed on the surface of the calibration
piece perpendicular to the direction of the intended shear wave in-
spection, i.e., transverse and longitudinal and at least 1 inch from
the edge of theplate. In addition, a 0.020-inch diameter hole shall

be made in the calibration piece parallel to the surface to a depth

of at least 0.750 inch at a point one-half the thickness of the plate.
If the thickness.of the plate exceeds 0.750 inch, similar holes shall
also be made at points one-quarter and three-quarters of the plate
thickness. Calibration settings to achieve 80% amplitude of the notches
and holes, along with the magnitude of the other applicable calibration
defects, shall be recorded. For example, on plate using a shear wave,
the notch on the near surface should be set at 80% and the amplitude
recorded for the indications from the hole and notch on the far surface.
Gain settings should be recorded to achieve 80% as above and 80% on
each of the other applicable calibration defects. For longitudinal
wave inspection only the 0.020-inch diameter holes shall be used for
calibration
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5.7.1.2.3. Calibration of Sheet _and Strip. The sheet shall be in-
spected by a shear wave beam pointed in both longitudinal and trans-
verse directions. Calibration shall be done on notches cut perpen-
dicular to the direction of the beam in pieces of sheet of the same
material and thickness as that to be inspected. If that portion is
later trimmed and scrapped, the calibration notches may be made on a
section of the actual sheet. The depth of the calibration notches
shall be 3% of the sheet thickness; width, no greater than the depth;
length, no more than 1 inch. All notches shall be at least 1 inch
from the edge of the sheet. Duplicate notches may be made on the oppo-
site face of the sheet in locations where the sound beam will not in-
tersect both notches in a single traverse, or the sheet may be turned
over during calibration to determine the relative response from the
calibration notch on both the incident and far side of the sheet.

5.7.1.2.4. Evaluation. Evaluation during inspection shall be made
against the appropriate calibration defect. For example, with shear
wave, the defects on or near the far surface shall be compared to the
calibration from the far surface notch; defects near the center shall
be compared to the calibration from the hole at the appropriate depth;
defects on the near surface shall be compared to the calibration from
the near surface notch.

5.7.1.2.5. Reports. The ultrasonic inspection report shall contain
the equipment serial numbers, calibration amplitudes and gain settings
and the amplitude and location of each defect whose amplitude is 60%
or greater.

5.7.1.2.6. Rejection. The above procedure shall be followed, and in-

dications of deferts which exceed the magnitude obtained from the appro-

priate calibrated notch in the sample shall be cause for rejection, un-
less otherwise agreed by the purchaser and vendor.

5.7.1.3. Penetrant Inspection. The exterior surface of the product
shall be penetrant inspected and found free of flaws as specified in
paragraph 4.3 using AMS 2645, '"Fluorescent Penetrant Inspection," or
AMS 2646, '""Contrast Dye Penetrant Inspection." All parts thus in-
spected shall be marked with ink stamps as described in the specifi-
cation; impression stampings or etching shall be unacceptable.

5.7.1.4. Reports. The manufacturer shall supply at least three copies
of a report showing inspection results for each lot of material in the
shipment. The report shall also include the number of the specifica-
tion and the purchase order or contract number.
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5.8. Rejection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense if the purchaser does not re-
ceive other instructions for disposition within three weeks after
notice of rejection.

5.9. Referee. If the manufacturer and the purchaser disagree about
the conformance of the material to the requirements of this specifica-
tion or any special test specified by the purchaser, a mutually accept-
able referee's test shall be used to determine conformance.

6. PREPARATION FOR DELIVERY

6.1. Identification. Each bundle, box, or carton shall be legibly

and conspicuously marked or tagged with the number of this specifica-
tion, purchase order or contract number, type, ingot number, lot number,
nominal size, and the gross, net, and tare weights. When each bundle,
box or carton consists of components from more than one ingot number

or lot number, each component shall be identified individually.

6.2. Packing. Each individual item shall be wrapped in heavy gauge
polyethylene film or other similar material and packed in a manner
assuring safe delivery when properly transported by any common carrier.

7. DEFINITIONS

7.1. Lot. A lot shall include all material of the same size, shape,
condition and finish from one heat of .material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has been
obtained from the General Electric Company.

7.2. Check Analysis. An analysis may be made or requested by the purchaser

of the metal after it has been processed into finished mill forms, to
verify the composition within a heat or lot. Check analysis tolerances
do not broaden the specified heat analysis requirements but rather
cover variations between laboratories in the measurement of the chemi-
cal content.

~147-



SPPS-59-R1
23 December 1964
Page 16 of 16

7.3. Significance of Numerical Limits. For determining compliance

with the specified limits for requirements of the properties listed
below, an observed value or a calculated value shall be rounded off
using the rounding-off method in ASTM Designation E29-58T, ''Recommend-
ed Practices for Designating Significant Places in Specified Limiting

Values."

Test

Chemical composition and di-
mensional tolerances (when
expressed decimally)

Tensile strength

Elongation

Rupture Life

Rounded-Off Unit for
Observed or Calculated Value

Nearest unit in the last right-
hand place of figures of the
specified limit

Nearest 100 psi

Nearest 1%

Nearest 0.1 hour
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SPECIFICATION

SEAMLESS TUBING AND PIPE: D-43
(Cb-10W-1Zr-0.1C) ALLOY

prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Contract NAS 3-2547

SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
GENERAL ELECTRIC COMPANY

CINCINNATI, OHIO 45215
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SPECIFICATION

SEAMLESS TUBING AND PIPE: D-43
(Cb-10W-1Zr-0.1C) ALLOY

1. SCOPE

1.1. Scope. This specification covers D-43 (Cb-10W-1Zr-0.1C) alloy
in tube and pipe form intended for high temperature structural appli-
cations and alkali metal containment.

2. APPLICABLE DOCUMENTS

2.1. Government Documents. None

2.2. Non-Government Documents

ASTM Designation E8-57T Method of Tension Testing of
(26 December 1957) Metallic Materials
ASTM Designation E29-58T Recommended Practices for
(1958) Designating Significant Places
'in Specified Limiting Values
ASTM Designation (Pending) Methods for Chemical Analysis
of Reactor and Commercial
Columbium
ASTM Designation E112-61 Estimating Average Grain Size
(1961) of Metals
AMS 2635 Radiographic Ihspection
(15 August 1958)
AMS 2645 Fluorescent Penetrant Inspec-
(1 March 1955) tion
AMS 2646 Contrast Dye Penetrant Inspec-
(1 March 1955) tion
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3. REQUIREMENTS

3.1. Acknowledgments. The vendor shall mention this specification
in all quotations and all purchase order acknowledgments.

3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the election
beam and/or consumable electrode arc melting processes. Breakdown
operations shall be performed with conventional extrusion, forging,
tube reducing and drawing equipment normally found in primary ferrous
and nonferrous plants.

3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor to achieve the grain size range speci-
fied in paragraph 3.6 and mechanical properties specified in paragraph
3.7. The total amount of reduction from the turned ingot to the final
product shall exceed 75%. The amount of final reduction for each mill
product, imparted just prior to the final vacuum heat treatment and
the total reduction since the last recrystallization anneal shall be
reported in the certificate of compliance.

3.4. Condition

3.4.1. General. The finished product will be supplied in the recry-
stallized condition throughout the cross-sectional area to the grain
size range specified in paragraph 3.6.

3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum
of less than 1 x 10-3 torr. All mill products to be annealed shall be
thoroughly degreased, chemically cleaned and protected from furnace
parts by a layer of fresh tantalum, columbium or Cb-1Zr alloy foil 0.002-
inch thick or greater. When annealing is carried out in a vacuum
greater than 1 x 10-2 torr, with the prior approval of the purchaser,
all mill products shall be enclosed in a chemically cleaned tantalum,
columbium or Cb-1Zr alloy retort or wrapped in a minimum of two layers
of fresh tantalum, columbium or Cb-1Zr alloy foil 0.002-inch thick or
greater. The conditions of final annealing shall be reported in the
certificate of compliance.

3.4.3. Contamination. All items are to be free of contamination or
internal oxidation. After final heat treatment, the material shall be
examined metallographically for evidence of possible contamination
caused by unsatisfactory heat treating atmospheres or processing con-
ditions. A microhardness traverse shall show a hardness increase not
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greater than 50 VHN from the center to the surface of a cross-sectional
sample of the final product. At the discretion of the purchaser, sam-
ples taken to include at least one surface of the final product, and
not exceeding 0.050-inch thick, may be chemically analyzed by the pur-
chaser for oxygen, nitrogen, hydrogen and carbon. The analyses shall
not exceed the limits set forth in paragraph 3.5.3. Any indication of
contamination shall be cause for rejection of all material represented
by that sample. The material shall be acceptable if the contaminated
layer is completely eliminated before shipment by a machining operation
within the specified dimensions and tolerances.

3.5. Chemical Composition

3.5.1. Ingot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 5). A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.

3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analysis for products supplied under
this specification (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined on the finished product.

3.5.3. Check Analysis. Finished product analysis shall not exceed
the following limits or variations:

For Wall Thicknesses 0.020 Inch or Greater

Check Analysis

Limits, ppm Permissible Variations
Element Max. Min. in Check Analysis, ppm
Carbon 1200 800 + 50
Oxygen 200 - + 20
Nitrogen 100 - + 10
Hydrogen 20 - + 5

For Wall Thicknesses Less Than 0.020 Inch

Check Analysis

Limits, ppm Permissible Variations
Element Max. Min. in Check Analysis, ppm
Carbon 1200 800 + 50
.-152:
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Element

Carbon
Nitrogen
Oxygen
Hydrogen

Tantalum

Molybdenum

Nickel
Cobalt
Iron
Tungsten

Zirconium

" Columbium

CHEMICAL COMPOSITION

D-43 (Cb-10W-12r-0.1C) ALLOY

TABLE I

Minimum Content

ppm

800

W
9.0 ¥/_

w
0.75 ¥/,

Remainder
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Maximum Content
ppm

1200

75

100

100

1000

200

200

50

200
11.0 “/,

1.25 %/
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Check Analysis
Limits, ppm Permissible Variations
Element Max. Min. in Check Analysis, ppm
Oxygen 400 - + 20
Nitrogen 100 - + 10
Hydrogen 20 - + 5

3.6. Grain Size. The grain size of the final products shall conform
to the following limits:

Allowable Spread
Product Wall Minimum Allowable in ASTM Grain Size % R
Thickness, Inches ASTM Grain Size No. Nos. in Any One Item Minimum

Less than 0.010 6 2 90
0.010 to 0.065 6 2 90
0.065 to 0.125 5 2 90
0.125 to 0.250 4 2 90
0.250 to 0.500 3 3 90

3.7. Mechanical Properties. The final product shall satisfy the fol-
lowing mechanical property requirements:

3.7.1. Room Temperature Tensile Properties. Representative samples
of the material in final form shall be capable of the following prop-
erty limits at room temperature (65°+85°F).

Ultimate Tensile 0.2% Yield ,
Strength, ksi Strength, ksi Elong., %(1)
Minimum Maximum Minimum Maximum Minimum
70 90 50 70 15

(1) % Elongation in 4D for Threaded or Button-
Head Test Specimens; in 2 Inches for Flat
Specimens.
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3.7.2. Stress-to-Rupture Tests. The material shall be capable of
achieving the following stress-rupture life under suitable environ-
mental conditions (see paragraph 5.4.3).

Minimum Life
Test Temp., °F Stress, ksi Hours

2200 12 20

Chemical analysis of stress-rupture specimens after test shall demon-
strate that the degree of environmental contamination did not exceed
the following limits: total increase in oxygen plus nitrogen content--
less than 100 ppm; increase in hydrogen content--less than 5 ppm; in-
crease in carbon content--less than 10 ppm. The following limits shall
apply to the check analyses of analytical results:

Carbon + 10 ppm
Oxygen + 50 ppm
Nitrogen + 50 ppm
Hydrogen + 2 ppm

3.7.3. Hydrostatic Test. Each tube, 1/8 inch or larger in .outside
diameter with a wall thickness of 0.015 inch or over, shall be tested

to a hydrostatic pressure sufficient to produce a fiber stress of 12,000
psi. The test pressure, not to exceed 10,000 psi, shall be determined

by the equation (P = 2St/D), where:
P = hydrostatic test pressure in pounds per square inch;
S = 12,000 psi;
t = average wall thickness of the tube in inches;
D = outside diameter of the tube in inches.

3.7.4. Flare Test. A section of the heat treated tube shall be cap-
able of being flared without cracking. The flare shall be made with
a tool having a 60-degree included angle until the specified outside
diameter has been increased by 15%.
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3.8. Tolerances

3.8.1. Diameter and Wall Thickness. The permissible variations in
diameter and wall thickness of tube shall not exceed those prescribed
in Table II (refer to page 9).

3.8.2. Length. When tube is ordered cut-to-length, the usable length
shall not be less than that specified, but a variation of plus 1/8 inch
will be permitted in lengths up to 6 feet. In lengths over 6 feet, a

variation of plus 1/4 inch will be permitted, unless otherwise specified.

3.8.3. Straightness. The tube shall be free of bends or kinks. For
lengths up to 10 feet, the maximum bow shall not exceed one part in
1200; for lengths greater than 10 feet, the maximum bow shall not ex-
ceed one part in 600, unless otherwise agreed upon.

3.9. Reports. The manufacturer shall supply at least three copies

of a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results for each lot of material in
the shipment. The report shall also include the number of the specifi-
cation and the purchase order or contract number.

4., MAXIMUM ALLOWABLE DISCONTINUITIES -

4.1. General. Cracks, laps, seams, fins, and tears shall be un-
acceptable. The surface shall also be free from oxide or scale of

any nature, grease, oil, residual lubricants, or other extraneous mate-
rial.

4,2, Porosity and Inclusions. Indications with dimensions greater
than 3% of the wall thickness shall be unacceptable. 1Indications with
dimensions in the range of 1% to 3% of wall thickness must be a mini-
mum of 0.50 inch apart. Indications with dimensions less than 1% of
the wall thickness must be a minimum of 0.12 inch apart.

4.3. Surface Rework. Defects less than 3% of the nominal wall thick-
ness detected by penetrant or ultrasonic inspection may be removed by

grinding provided the wall thickness is not decreased below that per-

mitted in Table II (refer to page 9).

5. QUALITY ASSURANCE PROVISIONS

5.1. Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment unless otherwise specified. All test and inspection results
shall be furnished to the purchaser.
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TABLE II

PERMISSIBLE VARIATIONS IN TUBE DIMENSIONS

Wall
Nominal OD oD ID Thickness
Inches Inch Inch %
0.187 to but not incl. 0.625 + 0.004 + 0.004 + 10
0.625 to but not incl. 1.000 + 0.005 + 0.005 + 10
1.000 to but not incl. 2.000 + 0.0075 + 0.0075 + 10
2.000 to but not incl. 3.000 + 0.010 + 0.010 + 10
3.000 to but not incl. 4.000 + 0.0125 + 0.0125 + 10

(2)

(3)

(4)

Tolerances are applicable to only the two dimensions specified
on the purchase order, e.g., outside diameter and wall; inside
diameter and wall; outside diameter and inside diameter.

For tolerances applicable for very small tubes (less than 0.187-
inch diameter) or very thin-wall tubes (less than 0.010-inch
thick), the producer shall be consulted.

For tubes having an inside diameter less than 607% of the outside
diameter or a wall 3/4 inch or over thick, which cannot be suc-

cessfully drawn over a mandrel, the inside diameter may vary by

an amount equal to plus or minus 10% of the wall thickness. The
wall thickness of these tubes may vary plus or minus 12.5% from

that specified.

Ovality measured at any cross section: For tubes with nominal
wall thickness less than 3% of the nominal outside diameter, the
ovality tolerances are double the tolerances in column 2 or 3.
For ovality tolerances for tubes with wall thickness less than
2% nominal outside diameter, the producer shall be consulted.
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5.2. Customer Review. The purchaser or his representative may wit-
s

ness the testing and inspection of the material. The manufacturer shall

pive the purchaser ample notice of the time and place of designated
tests., Lf the purchaser's representative is not present at this time
and a new date is not set, the requirement for purchaser's inspection
at the place of testing is waived. When the purchaser's representa-
tive is present at the appointed time and place, the manufacturer
shall afford him, without charge, all reasonable facilities to assure
that the material is being furnished in accordance with this specifi-
cation. This inspection shall not interfere unnecessarily with pro-
duction operations.

5.3. Sample Selection. Care shall be exercised to insure that the
sample selected for testing is representative of the material and un-
contaminated by the sampling procedure. If there is any question about
the sampling technique or the analysis, the methods for sampling and
analysis shall be those agreed to by the buyer and seller. The speci-
men configuration selected for the performance of the testing required
in paragraphs 5.4.2 and 5.4.3 shall be mutually agreed upon by the
vendor and the purchaser prior to the placement of a purchase order.
The location of all test samples shall be reported in the certificate
of compliance.

5.4. Test Methods

5.4,1. Chemical Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements. Disputes shall be settled by accepted
referee methods, such as the ASTM '"Methods for Chemical Analysis of
Reactor and Commercial Columbium."

5.4.2. Tensile Test. The tension test shall be performed in accord-
ance with ASTM Designation E8-57T, ''"Methods of Tension Testing of
Metallic Materials.'" Yield strength shall be determined by the off-
set (0.2%) method. The tensile properties shall be determined using
a strain rate of 0.005 inch per inch per minute up to 0.6% offset and
then 0.050 inch, plus or minus 0.020 inch, per inch per minute to
fracture. '

5.4.3. Stress-Rupture Tests. Stress-rupture properties of specimens
shall be determined by mutually acceptable testing techniques. Sug-
gested testing techniques for determining stress-rupture properties
are:
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Specimens shall be tested in a vacuum of 1 x 106 torr or
better. The vacuum system shall incorporate an optically
tight liquid nitrogen cold trap or a getter-ion pump.

Specimens shall be held for a 1f hour at the test temper-
£1

ature before application of

Test temperature shall be maintained at plus or minus 10°F
during the test.

5.4.4. Grain Size. Grain size determinations shall be made according
to ASTM Specification E112-61, "Estimating the Average Grain Size of
Metals."

5.5. Number of Tests Required. Representative test specimens from
the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification. The
minimum frequency of these tests shall be:

Finished Product Chemistry - one per lot per ingot
Tensile Test - two per lot per ingot
Stress-Rupture Test - +two per lot per ingot

Flare Test - two per lot per ingot

Grain Size - two per lot per ingot

Microhardness Traverse - one per lot per ingot
Hydrostatic Proof Test - 100%

5.6. Retest and Rework

5.6.1. Surface Contamination. Any sample or specimen exhibiting ob-
vious surface contamination or improper preparation which disqualifies
it as a truly representative sample shall be replaced with a new sam-
ple.

5.6.2. Rework. If inspection and test results of a lot do not con-
form to the requirements of this specification, the lot may be re-
worked at the option of the manufacturer. The lot shall be acceptable
if all test results, after reworking, conform to this specification.
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5.7. Inspection

5.7.1. Methods of Inspection

5.7.1.1. Radiographic. When specified, the product shall be radio-

graphed and found free of porosity and inclusions as specified in

paragraph 4.2 using the techniques described in AMS 2635, "Radiographic

Inspection." The radiographs and product shall be identified so that

the exact position of each radiograph can be correlated with the speci-
fic area on a particular product.

5.7.1.2. Ultrasonic Inspection. Unless otherwise agreed to by the
purchaser and the vendor, the material shall be inspected ultrasonically.

©'5,7.1.2.1.. Method and Equipment. Ultrasonic inspection shall be by
the immersed technique at 5 mc or higher frequency using focused trans-
ducers. Inspection shall be by both circumferential and axial shear
techniques with longitudinal wave being added when the wall thickness
is greater than 0.150 inch. For longitudinal wave technique and for
circumferential shear, transducers up to 2 inches long may be used with
or without automatic equipment to rotate the tube past the transducer.
- If spiral pattern inspection traverse is not used, steps must be taken
to assure that the ultrasonic beam remains in the same position rela-
tive to the tubing so the beam-to-tubing angle remains constant. For
~axial (longitudinal) shear, transducers ¥ust have no greater than 0.5
inch axial length. Transducers must be cylindrically focused for a
diameter range which includes the tubing on which it is to be used.

5.7.1.2.2. Calibration. Calibration shall be on notches (a total of
four, two axial and two circumferential), cut in the tube on both the
outside and inside surface unless otherwise specified. The depth of
the notches shall be 3% of the wall thickness to a minimum depth of
0.001 inch; the width, no greater than depth; the length, at least
that of the ultrasonic beam with a maximum length of 1 inch. Material
having a wall thickness greater than 0.150 inch shall also have an
0.020 inch diameter hole machined into the wall in the longitudinal
direction at mid-point of the wall thickness. Focusing shall be done
to maximize the indication from the inside diameter notch placed pro-
perly for the type of inspection contemplated. After focusing is com-
pleted, the inside diameter indication shall be set at 80% and gain
‘setting recorded. Gain setting for 80% on the outside diameter notch
shall also be recorded. Inspection shall be at the gain setting for
the inside diameter indication. A distance corresponding to the wall
thickness shall be marked on ‘the oscilloscope. Focal distance to the
part to be inspected shall be set to that used for the calibration
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piece before beginning inspection. Calibration shall be done both be-
fore and after the inspection or at the beginning and end of each work
shift. If calibration has changed (gain change greater than 5%), all

inspections since the previous calibration shall be repeated.

5.7.1.2.3. Rejection.. Rejection shall be by any indication which ex-
ceeds the amplitude of the respective calibration indication; i.e.,
inside diameter defects shall be compared to the indication from the
notch on the inside diameter, and outside diameter defects shall be
compared to the indication from the notch on the outside diameter. De-
fects less than half the thickness from the surface or less than 0.150
inch from the surface, whichever is smaller, shall be compared to the
outside diameter calibration indication. Defects more than half the
thickness from the incident surface or more than 0.150 inch from the
surface shall be compared to the indications from the inside diameter
calibration notch.

5.7.1.2.4. Reports. The ultrasonic inspection report shall contain
the equipment serial numbers, calibration amplitudes and gain settings
and the amplitude and location of each defect whose amplitude is 60%
or greater.

5.7.1.3. Penetrant Inspection. The exterior surface of the product
shall be penetrant inspected and found free of flaws as specified in
paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection,' or
AMS 2646, "Contrast Dye Penetrant Inspection.'" All parts thus in-
spected shall be marked with ink stamps as described in the specifi-
cation; impression stampings or etching shall be unacceptable.

5.7.1.4. Reports. The manufacturer shall supply at least three copies
of a report showing inspection results for each lot of material in the
shipment. The report shall also include the number of the specification
and the purchase order or contract number.

5.8. Rejection., Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense if the purchaser does not re-
ceive other instructions for disposition within three weeks after
notice of rejection.

5.9. Referee. If the manufacturer and the purchaser disagree con-
cerning the conformance of the material to the requirements of this
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specification or any special test specified by the purchaser, a mu-

tually acceptable referee's test shall be used to determine conform-
ance.

6. PREPARATION FOR DELIVERY

6.1. Identification. Each bundle, box, or carton shall be legibly

and conspicuously marked or tagged with the number of this specifica-
tion, purchase order or contract number, type, ingot number, lot number,
nominal size, and the gross, net and tare weights. When each bundle,
box or carton consists of components from more than one ingot number

or lot number, each component shall be identified individually.

6.2. Packing. The ends of each pipe or tube shall be sealed with
suitable plastic caps and each individual item shall be wrapped in
heavy gauge polyethylene or similar materidl and packed in a manner
assuring safe delivery when properly transported by a common carrier.

7. DEFINITIONS

7.1. Lot. A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has been
obtained from the General Electric Company.

7.2. Check Analysis. An analysis either made or requested by the
purchaser of the metal, after it has been processed into finished mill
forms, for the purpose of verifying the composition within a heat or
lot. Check analysis tolerances do not broaden the specified heat anal-
ysis requirements but rather cover variations between laboratories in
the measurement of the chemical content.

7.3. Significance of Numerical Limits, For determining compliance
with the specified limits for requirements of the properties listed be-
low, an observed value or a calculated value shall be rounded off using
the rounding-off method in ASTM Designation E29-58T, '"Recommended

Practices for Designating Significant Places in Specified Limiting
Values."
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Chemical composition and
dimensional tolerances
(when expressed decimally)
Tensile strength

Elongation

Rupture life
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Rounded-0ff Unit for
Observed or Calculated Value

Nearest unit in the last right-
hand place of figures of the
specified limit

Nearest 100 psi

Nearest 1%

Nearest 0.1 hour
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SPECIFICATION

SEAMLESS TUBING AND PIPE: = T-222

(Ta-10.4W-2.4Hf-0.01C) ALLOY

1. SCOPE

1.1. Scope. This specification covers T-222 (Ta-10.4W-2.4Hf-0.01C)
alloy in tube and pipe form intended for high temperature structural
applications and alkali metal containment.

2. APPLICABLE DOCUMENTS

2.1. Government Documents. None

2.2. Non-Government Documents

ASTM Designation E8-57T
(26 December 1957)

ASTM Designation E29-58T
(1958)

ASTM Designation E112-61
(1961)

AMS 2635
(15 August 1958)

AMS 2645
(1 March 1955)

AMS 2646
(1 March 1955)

3. REQUIREMENTS

Method of Tension Testing of
Metallic Materials

Recommended Practices for
Designating Significant Places
in Specified Limiting Values

Estimating Average Grain Size
of Metals

Radiographic Inspection
Fluorescent Penetrant Inspec-
tion

Contrast Dye Penetrant Inspec-
tion

3.1. Acknowledgments. The vendor shall mention this specification
in all quotations and all purchase order acknowledgments.
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3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
operations shall be performed with conventional extrusicn, forging,
tube reducing and drawing equipment normally found in primary ferrous
and nonferrous plants.

3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor to achieve the grain size range speci-
fied in paragraph 3.6 and mechanical properties specified in paragraph
3.7. The total amount of reduction from the turned ingot to the final
product shall exceed 75%. The amount of final reduction for each mill
product, imparted just prior to the final vacuum heat treatment and
the total reduction since the last recrystallization anneal shall be
reported in the certificate of compliance.

3.4. Condition

3.4.1. General. The finished product will be supplied in the recry-
stallized condition throughout the cross-sectional area to the grain
size range specified in paragraph 3. 6. -

3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum
of less than 1 x 1072 torr. All mill products to be annealed shall be
thoroughly degreased, chemically cleaned and protected from furnace
parts by a layer of fresh tantalum, columbium or Cb-1Zr alloy foil
0.002-inch thick or greater. When annealing is carried cut in a vacuum
greater than 1 x 10-5 torr, with the prior approval cf the purchaser,
all mill ptoducts shall be enclosed in a chemically cleaned tantalum,
columbium or Cb-1Zr alloy retort or wrapped in a minimum of two layers
of fresh tantalum, columbium or Cb-1Zr alloy foil 0.002-inch thick or
greater. The conditions of final annealing shall be reported in the
certificate of compliance.

3.4.3. Contamination. All items are to be free of contaminaticn or
internal oxidation. After final heat treatment, the material shall be
examined metallographically for evidence of possible contamination
caused by unsatisfactory heat treating atmospheres or processing condi-
tions. A microhardness traverse shall show a hardness increase not
greater than 50 VHN from the center to the surface of a cross sectional
sample of the final product. At the discretion of the purchaser, sam-
ples taken to include at least one surface of the final product, and
not exceeding 0.050-inch thick, may be chemically analyzed by the
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purchaser for oxygen, nitrogen, hydrogen and carbon. The analyses shall
not exceed the limits set forth in paragraph 3.5.3. Any indication of
contamination shall be cause for rejection of all material represented
by that sample. The material shall be acceptable if the contaminated
layer is completely eliminated before shipment by a machining operation
within the specified dimensions and tolerances.

3.5. Chemical Composition

3.5.1. Ingot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 5). A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.

3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analyses for products supplied under
this specification (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined on the finished product.

3.5.3. Check Analysis. The finished product analysis shall not ex-
ceed the following limits or variations:

For Wall Thicknesses 0.020 Inch or Greater

"Check Analysis

Limits, ppm Permissible Variations
Element Maximum Minimum in Check Analysis, ppm
Carbon 175 80 + 10 -
Oxygen 150 - + 20
Nitrogen 75 - + 10
Hydrogen 10 ' - + 2

For Wall Thicknesses Less Than 0.020 Inch

Check Analysis

Limits, ppm Permissible Variations.
Element Maximum Minimum -in Check Analysis, ppm
Carbon 175 80 | £ 10
Oxygen 300 - + 20
Nitrogen 100 - + 10
Hydrogen 10 - + 2
-168-
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Minimpm Cpntent

Element ppm

Carbon

Nitrogen

Oxygen

f Hydrogen

Columbium

Molybdenum

Nickel
Cobalt
Iron
Vanadium
Tungsten
Hafnium

Tantalum

.TABLE 1

CHEMICAL COMPOSITION

9.6 ¥/,
2.2 %/,

Remainder

169

80
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Maximum Content
_ppm,

175

50

100

10

1000

200

50

50

50

20
11.2 w/o
2.8 ¥/o
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3.6. Grain Size. The grain size of the final products shall conform
to the following limits:

Allowable Spread
Product Wall Minimum Allowable in ASTM Grain Size % Ry
Thickness, Inches ASTM Grain Size No. Nos. in Any One Item Minimum

Less than 0.010 6 2. : 100
0.010 to 0.065 6 2 100 -~
0.065 to 0.125 5 2 100
0.125 to 0.250 4 2 95
0.250 to 0.500 3 3 90

3.7. Mechanical Properties. The final product shall satisfy the fol-
lowing mechanical property requirements:

3.7.1. Room Temperature Tensile Properties. Representative samples

of the material in final form shall be capable of the following property

limits at room temperature (65°-85°F).

Ultimate Tensile 0.27% Yield
Strength, ksi Strength, ksi - Elong., %(1)
Minimum Maximum Minimum . Maximum Minimum
105 125 100 120 20

(1) % Elongation in 4D for Threaded or Button-
Head Test Specimens; in 2 Inches for Flat
Specimens.

3.7.2. Stress-to-Rupture Tests. The material shall be capable of
achieving the following stress-rupture life under suitable environ-
mental conditions (see paragraph 5.4.3):

Minimum Life
Test Temp., °F Stress, ksi Hours

2400 30 20

=170

.
- GE o O G5 U 4 G OoF G S S5 G0 0 an e -l




SPPS-55-R2
12 April 1965

Page 7 of 14

Chemical analyses of stress-rupture specimens after test shall demon-
strate that the degree of environmental contamination did not exceed
the following limits: total increase in oxygen plus nitrogen content--
less than 50 ppm; increase in hydrogen content--less than 5 ppm; in-
crease in carbon content--less than 10 ppm. The following limits shall
apply to check analyses of analytical results:

Carbon + 10 ppm
Oxygen + 25 ppm
Nitrogen + 25 ppm
Hydrogen + 2 ppm

3.7.3. Hydrostatic Test. Each tube, 1/8 inch or larger in outside
diameter with a wall thickness of 0.015 inch or over, shall be tested
to a hydrostatic pressure sufficient to produce a fiber stress of
12,000 psi. The test pressure not to exceed 10,000 psi, shall be de-
termined by the equation (P = 2St/D), where: ‘

P = hydrostatic test pressure in pounds per square inch;
S = 12,000 psi;

t = average wall thickness of the tube in inches;

D = outside diameter of the tube in inches.

3.7.4. Flare Test. A section of the heat treated tube shall be cap-
able of being flared without cracking. The flare shall be made with
a tool having a 60-degree included angle until the specified outside
diameter has been increased by 15%.

3.8. Tolerances

3.8.1. Diameter and Wall Thickness. The permissible variations in
diameter and wall thickness of tube shall not exceed those prescribed
in Table II (refer to page 8).

3.8.2. Length. When tube is ordered cut-to-length, the usable length
shall not be less than that specified, but a variation of plus 1/8 inch
will be permitted in lengths up to 6 feet. In lengths over 6 feet, a
variation of plus 1/4 inch will be permitted, unless otherwise specified.
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: - Wall
Nominal OD oD ID Thickness
Inches . Inch Inch %
0.187 to but not incl. 0.625 "+ 0.004 + 0.004 + 10
0.625 to but not incl. 1.000 4 0.005 + 0.005 + 10
1.000 to but not incl. 2.000 + 0.0075 + 0.0075 + 10
2.000 to but not incl. 3.000 + 0.010 + 0.010 o+ 10
3.000 to but: not incl. 4.000  + 0.0125 + 0.0125 +

NOTES :

€)
@

(3)

(4)
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TABLE II

'PERMISSIBLE VARIATIONS IN TUBE DIMENSIONS

10

Tolerances are applicable to only the two dimensions specified
on the purchase order, e.g., outside diameter and wall; inside
diameter and wall; outside diameter and inside diameter.

. For tolerances applicable for very small tubes (less than 0.187-

inch diameter) or very thin-wall tubes (less than 0.010-inch
thick), the producer shall be consulted.

For tubes having an inside diameter less than 607% of the outside
diameter or a wall 3/4 inch or over thick, which cannot be suc-
cessfully drawn over a mandrel, the inside :diameter may vary by
an amount equal to plus or minus 10% of the wall thickness. The

. wall thickness of these tubes may vary plus or minus 12.5% from

that specified.

Ovality measured at any cross section: For tubes with nominal
wall thickness less than 3% of the nominal outside diameter, the
ovality tolerances are double the tolerances in column 2 or 3.
For ovality tolerances for tubes with wall thickness less than
27, nominal outside diameter, the producer shall be consulted.
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3.8.3. Straightness. The tube shall be free of bends or kinks. For
lengths up to 10 feet, the maximum bow shall not exceed one part in 1200;
for lengths greater than 10 feet, the maximum bow shall not exceed one
part in 600, unless otherwise agree upon.

3.9. Reports. The manufacturer shall supply at least three copies

of a report showing non-proprietary manufacturing methods, processing
conditions and test procedures and results for each lot of material in
the shipment. The report shall also include the number of the speci-
fication and the purchase order or contract number.

4. MAXIMUM ALLOWABLE DISCONTINUITIES

4.1. General. Cracks, laps, seams, fins and tears shall be unaccept-
able. The surface shall also be free from oxide or scale of any nature,
grease, oil, residual lubricants, or other extraneous material.

4.2. Porosity and Inclusions. Indications with dimensions greater
than 3% of the wall thickness shall be unacceptable. Indications with
dimensions in the range of 1% to 3% of wall thickness must be a mini-
mum of 0.50 inch apart. Indications with dimensions less than 1% of
the wall thickness must be a minimum of 0.12 inch apart.

4.3. Surface Rework. Defects less than 3% of the nominal wall thick-
ness detected by penetrant or ultrasonic inspection may be removed by
grinding, provided the wall thickness is not decreased below that per-
mitted in Table II (refer to page 8). '

5. QUALITY ASSURANCE PROVISIONS

5.1. Vendor Responsibility. The manufacturer shall make .all test
and inspection of the material covered by this specification before
shipment unless otherwise specified. All test and inspection results
shall be furnished to the purchaser.

>.2. (Customer Review. The purchaser or his representative may witness
the testing and inspection of the material. The manufacturer shall give
the purchaser ample notice of the time and place of designated tests.

If the purchaser's representative is not present at this time and a new
date is not set, the requirement for purchaser's inspection at the place
of testing is waived. When the purchaser's representative is present

at the appointed time and place, the manufacturer shall afford him, with-
out charge, all reasonable facilities to assure that the material is
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being furnished in accordance with this specification. The inspec-
tion shall not interfere unnecessarily with production operations.

5.3. Sample Selection. Care shall be exercised to insure that the
sample selected for testing is representative of the material and un-
contaminated by the sampling procedure. If there is any question about
the sampling technique or the analysis, the methods for sampling and
analysis shall be those agreed to by the buyer and seller. The speci-
men configuration selected for the performance of the testing required
in paragraphs 5.4.2. and 5.4.3. shall be mutually agreed upon by the
vendor and purchaser prior to placement of a purchase order. The lo-
cation of all test samples shall be reported in the certificate of com-
pliance. : :

5.4. Test Methods

5.4.1. Chemical Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements. '

5.4.2. Tensile Test. The tension test shall be performed in accord-
ance with ASTM Designation E8-57T, ''Methods of Tension Testing of
Metallic Materials." Yield strength shall be determined by the offset
(0.2%) method. The tensile properties shall be determined using a
strain rate of 0.005 inch per inch per minute up to 0.6% offset and
then 0.050 inch, plus or minus 0.020 inch, per inch per minute to
fracture.

5.4.3. Stress-Rupture Test. Stress-rupture properties of specimens
shall be determined by mutually acceptable testing techniques. Sug-
gested testing techniques for determining stress-rupture properties
are:

Specimens shall be tested in a vacuum of 1 x 10-6 torr or
better. The vacuum system shall incorporate an optically
tight liquid nitrogen cold trap or a getter-ion pump.

Specimens shall be held for a half hour at the test temper-
ature before application of load.

Test temperature shall be maintained at plus or minus 10°F
during the test.
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5.4.4. Grain Size. Grain size determinations shall be made according
to ASTM Specification E112-61, "Estimating the Average Grain Size of
Metals."

5.5. Number of Tests Required. Representative test specimens from
the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification. The
minimum frequency of these tests shall be:

Finished Product Chemistry - one per lot per ingot
Tensile Test - two per lot per ingot
Stress-Rupture Test - two per lot per ingot

Flare Test - two per lot per ingot

Grain Size - two per lot per ingot

Microhardness Traverse - one per lot per ingot
Hydrostatic Proof Test - 100%

5.6. Retest and Rework

5.6.1. Surface Contamination. Any sample or specimen exhibiting ob-
vious surface contamination or improper preparation which disqualifies
it as a truly representative sample shall be replaced with a new sample.

5.6.2. Rework. If inspection and test results of a lot do not conform
to the requirements of this specification, the lot may be reworked at
the option of the manufacturer. The lot shall be acceptable if all
test results, after reworking, conform to this specification.

5.7. Inspection

5.7.1. Methods of Inspection

5.7.1.1. Radiographic. When specified, the product shall be radio-
graphed and found free of porosity and inclusions as specified in para-
graph 4.2 using the techniques described in AMS 2635, "Radiographic
Inspection.'" The radiographs and product shall be identified so that
the exact position of each radiograph can be correlated with the speci-
fic area on a particular product.
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5.7.1.2. Ultrasonic Inspection. Unless otherwise agreed to by the pur-
chaser and the vendor, the material shall be inspected ultrasonically.

5.7.1.2.1. Method and Equipment. Ultrasonic inspection shall be by
the immersed technique at 5 mc or higher frequency using focused trans-
ducers. Inspection shall be by both circumferential and axial shear
techniques with longitudinal wave being added when the wall thickness
is greater than 0.150 inch. For longitudinal wave technique and for
circumferential shear, transducers up to 2 inches long may be used with
or without automatic equipment to rotate the tube past the transducer.
If spiral pattern inspectiontraverse is not used, steps must be taken
to assure that the ultrasonic beam remains in the same position rela-
tive to the tubing so the beam-to-tubing angle remains constant. For
axial (longitudinal) shear, transducers must have no greater than 0.5
inch axial length. Transducers must be cylindrically focused for a
diameter range which includes the tubing on which it is to be used.

5.7.1.2.2. Calibration. Calibration shall be on notches (a total of
four, two axial and two circumferential), cut in the tube on both the
outside and inside surface unless otherwise specified. The depth of the
notches shall be 3% of the wall thickness to a minimum depth of 0.001
inch; the width, no greater than depth; the length, at least that of the
ultrasonic beam with a maximum length of 1 inch. Material having a ’
wall thickness greater than 0.150 inch shall also have an 0.020-inch
diameter hole machined into the wall in the longitudinal direction at
mid-point of the wall thickness. _Focusing shall be done to maximize
the indication from the inside diameter notch placed properly for the
type of inspection contemplated. After focusing is completed, the
inside diameter indication shall be set at 80% and gain setting re-
corded. Gain setting for 80% on the outside diameter notch shall also
be recorded. Inspection shall be at the gain setting for the inside
diameter indication. A distance corresponding to the wall thickness
shall be marked on the oscilloscope. Focal distance to the part to be
inspected shall be set to that used for the calibration piece before
beginning inspection. Calibration shall be done both before and after
the inspection or at the beginning and end of each work shift. 1If
calibration has changed (gain change greater than 5%), all inspections
since the previous calibration shall be repeated.

5.7.1.2.3. Rejection. Rejection shall be by any indication which ex-
ceeds the amplitude of the respective calibration indication; i.e., in-
side diameter defects shall be compared to the indication from the notch
on the inside diameter, and outside diameter defects shall be compared
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to the indication from the notch on the outside diameter. Defects less °
than half the thickness from the surface or less than 0.150 inch from
the surface, whichever is smaller, shall be compared to the outside
diameter calibration indication. Defects more than half the thickness
from the incident surface or more than 0.150 inch from the surface

shall be compared to the indications from the inside diameter calibra-
tion notch. .

5.7.1.2.4. Reports. The ultrasonic inspection report shall contain
the equipment serial numbers, calibration amplitudes and gain settings
and the amplitude and location of each defect whose amplitude is 60%
or greater.

5.7.1.3. Penetrant Inspection. The exterior surface of the product
shall be penetrant inspected and found free of flaws as specified in
paragraph 4.3 using AMS 2645, '"Fluorescent Penetrant Inspection,'" or

AMS 2646, '"Contrast Dye Penetrant Inspection." All parts thus inspected
shall be marked with ink stamps as described in the specification; im-
pression stampings or etching shall be unacceptable.

5.7.1.4. Reports. The manufacturer shall supply at least three copies .
of a report showing inspection results for each lot of material in the
shipment. The report shall also include the number of the specifica-
tion and the purchase order or contract number.

5.8. Rejection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless other-
wise specified, rejected material may be returned to the manufacturer

at the manufacturer's expense if the purchaser does not receive other
instructions for disposition within three weeks after notice of rejec-
tion.

5.9. Referee. If the manufacturer and the purchaser disagree con-

cerning the conformance of the material to the requirements of this

specification or any special test specified by the purchaser, a mu-

tually acceptable referee's test shall be used to determine conform-
ance.

6. PREPARATION FOR DELIVERY

6.1. Identification. Each bundle, box, or carton shall be legibly

and conspicuously marked or tagged with the number of this specifica-
tion, purchase order or contract number, type, ingot number, lot number,
nominal size, and the gross, net and tare weights. When each bundle
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box or carton consists of components from more than one ingot number
or lot number, each component shall be identified individually.

6.2. Packing. The ends of each pipe or tube shall be sealed with
suitable plastic caps and each individual item shall be wrapped in
heavy gauge polyethylene or similar material .and packed in a manner
assuring safe delivery when properly transported by a common carrier.

7. DEFINITIONS

7.1. Lot. A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has

been obtained from the General Electric Company.

7.2. Check Analysis. An analysis may be requested by the purchaser
chaser of the metal, after it has been processed into finished mill
forms, for the purpose of verifying the composition within a heat or
lot. Check analysis tolerances do not broaden the specified heat anal-
ysis requirements but rather cover variations between laboratories in
the measurement of the chemical content.

7.3. Significance of Numerical Limits. For determining compliance
with the specified limits for requirements of the properties listed
below, an observed value or a calculated value shall be rounded off
using the rounding-off method in ASTM Designation E29-58T, "Recommended

Practices for Designating Significant Places in Specified Limiting Valyes.'

Rounded-0ff Unit for

N Test Observad or Calculated Value
Chemical composition and di- Nearest unit in the last right-
mengional tolerances (when hand place of figures of the
expressed decimally) specified limit
Tensile strength Nearest 100 psi
Elongation Nearest 1%

Rupture life Nearest 0.1 hour
-178-
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SEAMLESS TUBING AND PIPE: COLUMBIUM~1% - CONTINUED

ZIRCONIUM ALLOY 29 Nov, 1965 01-0004-00~D -

sP 1073 A

1. SCOPE

1.1. Scope. This gpecification covers columbium-1% zirconium alloy in tube and pipe
form intended for high temperature structural applications and alkali metal containment,

2, APPLICABLE DOCUMENTS

2.1. Government Documents., None

2,2. Non-Government Documents

ASTM Designation E8-57T Method of Tension Testing of Metallic

(26 December 1957) Materials

ASTM Designation E29-58T Recommended Practices for Designating

(1958) Significant Places in Specified Limit-
ing Values

ASTM Designation (Pending) Methods for Chemical Analysis of
Reactor and Commercial Columbium

ASTM Designation E112-61 Estimating Average Grain Size of Metals

(1961)

AMS 2835 Radiographic Inspection

(15 August 1958)

AMS 2845 Fluorescent Penetrant Inspection
(1 March 1955)

AMS 2846 Contrast Dye Penetrant Inspection
(1 March 1955)

3. REQUIREMENTS

3,1, Acknowledgments. The vendor shall mention this specification in all quotations
and all purchase order acknowledgments,

3,2, Manufacture, Material covered by this specification shall be made from ingots
which have been double vacuum melted by the electron beam and/or consumable electrode
arc melting processes. Breakdown operations shall be performed with conventional
extrusion, forging, tube reducing and drawing equipment normally found in ferrous and
nonferrous plants, )

3,3, Processing. The starting stock size, processing temperatures percentages of
reduction, in-process annealing temperatures and times shall be selected by the vendor
to achieve the grain size range specified in paragraph 3.6 and mechanical properties

 specified in paragraph 3.7, After the final reduction, the finished product shall be
given a final vacuum anneal for one hour at a minimum temperature of 2200°F, The
amount of. total reduction from the turned ingot to the finished product shall exceed
75%; the amount of final reduction gince the last recrystallization anneal and prior
to the final redrystallization anneal shall exceed 30%.

--------.-L-——
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.. The amount of final reduction for each mill product, imparted just prior to the
final vacuum heat treatment, and the total reduction since the last recrystallization
anneal shall be reported in the certificate of compliance.

3.4, Condition

3.4.1, General. The finished product will be supplied in the recrystallized condition
throughout the cross-sectional area to the grain size range specified in paragraph 3.6.

3.4.2, Heat Treatment, All annealing shall be carried out in a vacuum of less than

1 x 1079 torr. All mill products to be annealed shall be thoroughly degreased, chemically
cleaned and protected from furnace parts by a layer of fresh tantalum, columbium or Cb-1Zr
alloy foil 0.002-inch thick or greater. When annealing is carried out in a vacuum greater
than 1 x 10-9 torr, with the prior approval of the purchaser, all mill products shall be
enclosed in a chemically cleaned tantalum, columbium or Cb-1Zr alloy retort or wrapped in
a minimum of two layers of fresh tantalum, columbium or Cb-1Zr alloy foil 0,002-inch

thick or greater. The conditions of final annealing shall be reported in the certificate
of compliance,

3.4.3. Contamination., All items are to be free of contamination or internal oxidation.
After final heat treatment, the material shall be examined metallographically for evidence
of possible contamination caused by unsatisfactory heat treating atmospheres or process-
ing conditions. A microhardness traverse shall show a hardness increase not greater

- than 50 VHN from the center to the surface of a cross-sectional sample of the final pro-

duct. At the discretion of the purchaser, samples taken to include at least one surface
of the final product, and not exceeding 0.050-inch thick, may be chemically analyzed

by the purchaser for oxygen, nitrogen, hydrogen and carbon., The analyses shall not
exceed the limits set forth in paragraph 3.5.3. Any indication of contamination shall
be cause for rejection of all material represented by that sample., The material shall
be acceptable if the contaminated layer is completely eliminated before shipment by a
machining operation within the specified dimensions and tolerances,

3.8, Chemical Composition

3.5.1. Ingot/Billet Composition. The chemical composition of ingots and billets for
conversion to finished products shall conform to Table I (page 4). A minimum of four
analyses shall be obtained as follows: ingot top-center, mid-radius and edge, and
ingot bottom=-center; all analyses must conform to ranges stated in Table I,

3.5.2, Final Product Composition. The manufacturer's ingot analyses shall be considered
the chemical analysis of products supplied under this specification (Table I) except
carbon, oxygen, nitrogen and hydrogen content which shall be determined on the finished
product.

3.5.3, Check Analysis, The finished product analysis shall not exceed the following
limites or variations:
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NO. .
1965| 01-0004~-00~D

Element

Carbon
Nitrogen
Oxygen
Hydrogen
Zirconium
Iron
Tantalum
Titanium
Silicon

Boron
Tungsten
Molybdenum
Cadmium
Cobalt
Lead
Manganese
Nickel
Vanadium
Hafnium
Columbium, by
Difference

TABLE 1

CHEMICAL COMPOSITION

COLUMBIUK-1% ZIRCONIUM ALLOY

Minimum Content
ppm

50

100

0.80 w/o

98.5 w/o

184

Maximum Content
ppm

Analysis
Requirement

200
100
300
10
1.2 w/o
50
1000
200
100

200
200

30
50
50
50
50
100
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Check Analysis

Limits, ppm Permissible Variations
Element Min, Max. in Check Analysis, ppm
Carbon 50 200 +10
bxygen '106- ‘ 300 3'20
Nitrogen - 100 + 10
Hydrogen - 10 + 2
3.6, Grain Size. The grain size of the final products shall conform to the following
kimits: '
. Allowable Spread in ,
,  Product Wall . Minimum Allowable ASTM Grain Size - % Rx
{Thickness, Inches ~ _ASTM Grain Size No. Nos: in Any One Item Minimum
‘Less than 0.010 . 6 | 2 100
0.010 to 0,065 6 2 100
0:065 to 0.125 5 2 100
0,125 to 0,250 4 2 95
0.350. 10 0,500 3 o 3 90

{

i . d .
3,7. Mechanical Properties. The final product shall satisfy the following mechanical
property requireménts: ‘

8.7.1. Room Temperature Tensile Properties, Representative samples of the material
in final form shall be capable of the following property limits-at room temperature

(85°-85°F),

For Wall Thickness 0,020 Inch or Greater

Ultimate Tensile 0.2% Yield = " Elongation, %(1)
Strength, ksi Strength, ksi = ° s

Minimim. ° Maximum Minimum  Maximum “Minimum
3s 75 - 20 - . 60 - .. 20

For Well Thicknesses Less Than 0,020 Inch
40 75 | 30 60 20

(1) % Elongiiian“in 4D for Threaded . or Button-Head Test Specimens;.
in 2 Inches for Flat Test Specimens,
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3.7.2. Stress-to-Rupture Tests, The material shall be capable of achieving the follow-
ing stress-rupture life under suitable environmental conditions (see paragraph 5.4.3.):

Minimum Life

Test Temp,, °F Stress, ksi Hours
2000 10 5

Chemical analysis of stress-rupture specimens after test shall demonstrate that the
degree of enviromnmental contamination did not exceed the following limits: total in-
crease in oxygen plus nitrogen content--less than 100. ppm; increase in hydrogen con-.
tent--less than 5 ppm; increase in carbon content--less than 10 ppm, The following
1imits shall apply to check analyses of the analytical results:

Carbon + 10 ppm
Oxygen + 50 ppm
Nitrogen + 50 ppm
Hydrogen + 2 ppm

8.7.3. Hydrostatic Test. Each tube, 1/8 inch or darger in outside diameter with a
wall thickness of 0,015 inch or over, shall be tested to a hydrostatic pressure
sufficient to produce a fiber stress of 12,000 psi. The test pressure, not to exceed
10,000 psi, shall be determined by the equation (P = 28t/D), where:

P = hydrostatic test pressure in pounds per square inch;
8 = 12,000 psi
t = average wlil thickness of the tube 1n“inchea;
D = outside diamefer of the tube in inches.

3,7.4, Flare Test, A section of the héat treated tube shall be capable of being

. flared without cracking, The flare shall be made with a tool having a 60-degree in-

cluded angle until the specified outside diameter has been increased by 15%.

3,7.5. Hardness Test, Rockwell hardness tests shall be made on the inside surfaces
of specimens cut from tubes having wall thicknesses greater than 0,015 inch, The
tubes shall have & Rockwell hardness number not exceeding B-90 in the heat treated
condition,

3.8, Tolerances

3,8.1, Diameter and Wall Thickness., The permissible variations in diameter and wall
thickness of tube shall not exceed those prescribed in Table II (refer to page 7).
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TABLE 11
PERMISSIBLE VARIATIONS IN TUBE DIMENSIONS
Wall
Nominal OD oD ID Thickness
Inches Inch ’ Inch %
0.187 to but not incl. 0,625 + 0,004 + 0,004 + 10
0.625 to but nmot incl, 1,000 + 0,005 + 0,005 +10
1,000 to but not inel. 2,000 + 0,0075 + 0,0075 + 10
2,000 to but not incl, 3,000 + 0,010 + 0,010 + 10
3.000 to but not incl, 4,000 + 0,0125 + 0.0125 + 10
NOTES: ~wwecwremmm=
(1) Tolerances are applicable to only the two dimensions specified on the purchase

(2)

3

(4)

order, e.g., outside diameter and wall; inside diameter and wall; outside diameter

" and inside diameter,

For tolerances applicable for very small tubes (less than 0.187-inch diameter)
or very thin-wall tubes (less than 0,010-inch thick), the producer shall be con-

sulted,

For tubes having an inside dismeter less than 60% of the outside diameter or a
wall 3/4 inch or over thick, which cannot be successfully drawn over a mandrel,
the inside diameter may vary by an amount equal to plus or minus 10% of the wall
thickness, The wall thickness of these tubes may vary plus or minus 12,5% from

that specified,

Ovality measured at any cross section: For tubss with nominal wall thickness
less than 3% of the nominal outside diameter, the ovality tolerances are double
the tolerances in column 2 or 3, For overality tolerances for tubes with wall
thickness less than 2% nominal outside diameter, the producer shall be consulted.
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3,8.2, Length, When tube is orderasd cut-to-length, the usable length shall not be less .
than thd?mgﬁgzified, mut s variation of plus 1/8 inch will be permitted in lengths up

to 6 teet. In Lengths over 6 feet, a variation of plus 1/4 inch will be permitted, un-
less otherwise specified,

3.8.3, Straightness, The tube shall be free of bends or kinks, For lengths up to
10 feet, the maximum bew shall not exceed one part in 1200; for lengths greater than
10 feet, the maximum bow shall not exceed one part in 600, unless otherwise agreed upon,

3.9, Reports, The menufacturer shall supply at least three copies of a2 report showing
non-propristery msunfacturing methods, processing conditions, and test procedures and
results for esch lot of materisl in the shipment, The report shall also include the
nunber of the spegificaﬁian’and the purchase order or contract number,

4., MAXIMUK ALLOWABLE DISCONTINUITIES

4.1. Generni. Cracks, iaps, seems, fins, sand tears shall be unacceptable. The sur-
face BR&Ll Alasn be Tres from orxide or scule of any nature, grease, oil, residual lubri-
cants, or oiber axiraneccs material,

4.2, DPorcsity and inclusiouns, Indications with dimensions greater then 3% of the wall
thicknoss ehali be uneccepiable, Indications with dimensions in the range of 1% to 3%
of well thickneosz wmust be & minimum of 0,350 inch apart, Indications with dimensions
lase than 1% of the wall thickness must be a minimum of G.12 inch apart,

4.3, Surfsce Rewor, ﬁeﬁgutg'leﬁs thar 3% of the nominal wall thickness detected
by penetrant cr uitrascnic inspection may be removed by grinding provided the wall -
thickness iz not decreased helow that permitted in Table II (refer to page 7).

5, QUALLITY ASSURANCE PROVISLONE

8,1.. Vendor Responsibliliy, The manufaciurer shall meke all tests and inspections
of the materiel covored vy this specification before shipment unless otherwise specified,
All tegt und inspection resulis shall be furnished to the purchaser,

8.2, Customer Reviow, The purchasar or his representative may witness the testing
and ingpection of The material, The manufacturer shall give the purchaser ample
notica of ¢the time and nplace of designated tests, If the purchaser's representative
is met present st this time and a new dete is not set, the roeguirement for purchaser's
ingpection st the place of testing is waived, When the purchaser's representative is
present at the appolnted time and place, the manufacturer shall afford him, without
charge, &il reasonsble facilities te assure that the material is being furnished in
sccordapce with this specification., This inspection shall not interfere unnecessarily
with production operations, g

8.3, Samples 8slection, Care shall be exercised to insure that the sample selected
for testing is represantative of the moterial and uncontaminated by the’aampling pro-
cedure., If there is any guestion about the gsampling technique or the analysis, the
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"The fullowing exceptions to specification No. 01-0004-00-D are applicable

Paragraph'3.5. 2. Final Product Composition - Minimum analyses require-

wment for carbon and oxygen content in Table I is deleted.
- Paxagraph 3.5.3. ‘Check Analzsis - Minimum limit requirement is deleted.

rPeragraph 3.7.1. Room Temperature Tensile Properties - Minimum ultimate

tensile strength and minimum 0.2% yield strength requirement are deleted.

,Paragraph'3.7.2. Stress-Rupture Test requirement is deleted.

:Paragraph 5 4 3. gre ss-Rupture Test requirement is deleted.

Paragraph 5 7 1 1 Radiograghic requirement is deleted.

'A11 items shall c¢learly be identified with the specification number 0l-
0:004 OI-DQ

=] 94-=

N
. B
|
[
|
|
|
'
|
'
:
|
:
'
|
l
’
'
F



01-0052-00-B
29 November 1965
Page 1 of 14

SPECIFICATION

BAR AND ROD: COLUMBIUM-1% ZIRCONIUM ALLOY

prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Contract NAS,K3-2547

SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
GENERAL ELECTRIC COMPANY

CINCINNATI, OHIO 45215
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’ DATE NO.
BAR AND ROD: Columbium-17% Zirconium

Alloy - CONTINUED 129 Nov. 1965] 01-0052-00-B )

1. SCOPE

1,1, Scope. This specification covers columbium-1% zirconium alloy in

bar and rod form intended for high temperature structural applications
and alkali metal containment.

2. APPLICABLE DOCUMENTS

2.1. Government Documents. None

2.2. Non-Government Documents

LR AR e e

ASTM Designation E8-57T Method of Tension Testing of
(26 December 1957) Metallic ‘Materials
ASTM Designation E29-58T Recommended Practices for Des-
(1958) _ ignating Significant Places in
Specified Limiting Values
ASTM Designation (Pending) Methods for Chemical Analysis
of Reactor and Commercial
Columbium
ASTM Ell2-61 Estimating Average Grain Size
(1961) o of Metals
AMS 2635 ‘Radiographic Inspection
(15 August 1958)
AMS 2645 | Fluorescent Penetrant.Inspec-
(1 March 1955) ~ tion
AMS 2646 Contrast Dye Penetrant Inspec-
(1 Maxch 1955) tion
3. - REQUIREMENTS

3.1, Acknowledgments. The vendor shall mention this specification
in all quotations and all purchase order acknowledgments. '

3.2, Mapufacture. Material covered by this specification shall be
wade from ingots which have been double ‘vacuum melted by the electron
" beam and/or consumable electrode arc melting processes. Breakdown oper-

ations shall be performed with conventional extrusion, forging and roll-
ing eguipment normally found in primary ferrous and nonferrous plants.

L 96
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DATE NO.
BAR AND ROD: Columbium-1% _Zirconium
Alloy " QONTINUED Hg Nov. 1965 01-0052-00-B

3.3. Processing. The starting stock size, processing temperatures percent-
ages of reduction, in-process annealing temperatures and times shall be
selected by the vendor to achieve the grain size range specified in para-
graph 3.6 and mechanical properties specified in paragraph 3.7. After the
final reduction, the finished product shall be given a final vacuum anneal
for one hour at a minimum temperature of 2200°F. The amount of total re-
duction from the turned ingot to the finished product shall exceed 75%; the
amount of final reduction since the last recrystallization anneal and prior
to the final recrystallization anneal shall exceed 30%. The amount of
final reduction for each mill product, imparted just prior to the final
vacuum heat treatment, and the total reduction since the last recrystalliza-
tion anneal shall be reported in the certificate of compliance.

3.40 Condition

3.4.1. General. The fipished product shall be supplied in the recrys-
tallized condition throughout the cross-sectional area to the grain size
range specified in paragraph 3.6. All annealing shall be carried out

in a vacuum less than 1 x 10-5 torr.

3.4.2. Heat Treatment. All mill products to be annealed shall be
thoroughly degreased, chemically cleaned, and protected from furnace
parts by a layer of fresh tantalum, columbium, or Cb-1Zr alloy foil
0.002-inch thick or greater. When annealing is carried out in a vacuum
greater than 1 x 1072 torr, with prior approval of the purchaser,

all mill products shall be enclosed in a chemically cleaned tantalum,
columbium or columbium-1% zirconium alloy retort or wrapped in a minimum
of two layers of fresh tantalum, columbium or columbium-1% zirconium
alloy foil 0.002-inch thick or greater. The conditions of final anneal-
ing shall be reported in the certificate of compliance.

3.4.3. Contamination. All items are to be free of contamination or
internal oxidation. After final heat treatment, the material shall be
examined metallographically for evidence of possible contamination

caused by unsatisfactory heat treating atmospheres or processing con-
ditions. A microhardness traverse shall show a hardness increase not
greater than 50 VHN from the center to the surface of a cross-sectional -
sample of the final product. At the discretion of the purchaser, samples
taken to include at least one surface of the final product, and not ex-
ceeding 0,050-inch thick, may be chemically analyzed by the purchaser for
oxygen, nitrogen, hydrogen and carbon. The analyses shall not exceed

the limits set forth in paragraph 3.5.3. Any indication of contamination
shall be cause for rejection of all material represented by that sample.
The material shall be acceptable if the contaminated layer is completely
eliminated before shipment by a machining operation within the specified
dimensions and tolerances. '
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BAR AND ROD: Columbium-17% Zirconium

Alloy - CONTINUED | 29 Nov. 196301-0052-00-B

,3.5. Chemical Composition

3.5.1. Lngot[Biilet Composition. The chemical composition of ingbts and

billets for conversion to finished products shall conform to Table I (page

5). A minimum of four analyses shall be obtained as follows: ingot top-
center, mid-radius and edge, and ingot bottom-center; all analyses must

‘conform to rapges stated ‘in Table I.

'3.5.2. Final Product Coggoéition. The manufacturer's ingot analyses
‘shall be considered the chemical analyses of products supplied under this

specification (Table I) except- carbon, oxygen, nitrogen and hydrogen con-
tent which shall be determined on the finished product.

~ 3.5.3. Check Analysis. Finished product anélysis shall not exceed the
. 'following limits or variations: o :

» Check Analysis | Permissible Variations
. Element ‘ Limits, ppm in Check Analysis, ppm
Minimum Maximnm . '
Carbon | 50 - 200 + 10
Oxygen 100 300 + 20
Nitrogen -- : - 100 + 10
Hydrogen .- 10 + 2

3.6. Grain Size. The grain size of the final products shall conform
to the following limits:

: Allowable Spread
Product Diameter Minimum Allowable  in ASTM Grain Size % R
or Thickness, Inches ASTM Grain Size No. Nos. in Any One Item Minimum

0.125 to 0.250 4 2 100
0.250 to 0.500 4 2 100
0.500 to 1.0 4 2 100
1.0 to 2.0 4 2 95
Greater than 2.0 3 3 90

-198-
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‘TABLE I
' CHEMICAL COMPOSITION
. COLUMBIUM-17% ZIRCONIUM ALLOY
' _ Minimum Content Maximum Content Analysis
' Element ___._ppm . ppm - Requirement
' Carbon 30 200
l Nitrogen X 100 -r
Oxygen | 160 300 o
Hydrogen -- 10 -y
I . Zirconium 0.80 w/o. 1.2%°9/o -
: Iron -- 50 ®
. Tantalum - - -- 1000 a
I Titanium -- 200 _4_
. Siticon .- 100 v
I - Boron ' | -- 2 ¥
Tungsten ' -- 200 -g
.. Molybdenum ‘ -- 200 o
I Cadnium ‘ -- 5 i
Cobalt -- 30 y )
Lead : -- 50 7
l Manganese -- 50 t
*®  Nickel -- 50 &
Vanadium - .. 50 "
l Hafnium = -~ 100 ®
Columbium, by 98.5 W/, - by
I Difference
l ~199-
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BAR AND ROD: Columbium-1% Zirconium 1 -
Alloy - CONTINUED b9 Nov. 1965 01-0052-00-B

3.7. Mechanical Properties. The final product shall satisfy the following
mechanical property requirements: '

3.7.1. Room Tegperature Tensile Properties. Representative samples of
the material in final form shall be capableof the following property limits

at room temperature (65°-85°F).

Ultimate Tensile 0.2% Yield Elong., %

Strength, ksi Strength, ksi in 4D
Minimum Maximum Minimum Maximum ‘ Minimum
35 75 20 60 20

3.7.2. Stress-to-Rupture Tests. The material shall be capable of achiev-
ing the following stress-rupture life under suitable environmentgl con-

ditions (see paragraph 5.4.3.). ‘
Minimum Life

Test Temp., °F Stress, ksi : Hours
2000 10 .5

Chemical analysis of stress-ruptﬁre specimens after test shall demonstrate
that the degree of environmental contamination did not exceed the following

limits: total increase in oxygen plus nitrogen content--less than 100 ppm;

increase in hydrogen content--less than 5 ppm; increase in carbon content--
less than 10 ppm. The following limits shall apply to check analyses of
the analyticsl results:

Carbon + 10 ppm
Oxygen 2 50 ppm
Nitrogen + 50 ppm
Hydrogen + 2 ppm

3.7.3. Hardness. The Rockwell Hardness of the product shall not exceed
B-90 in the heat treated condition.

3.8. Toclerances
3.8.1. Rglled, Swaged, oxr Drawn Rounds

3.8,1.1. Definition. Rod - 3.5 inches in diameter or less,

S O mE O A BN E B G B O S B Gy BN BN BN aE e
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3.8.1.2. Diameter. The permissible variation in diameter and the limits
of out-of-roundness of descaled rounds shall not exceed those in Table

II (refer to page 8).

3.8.1.3. Cut Lengths. Maximum length variation shall be 0.25-inch.

3.8.1.4, Straightness, Maximum deviation shall be 0.050 inch per foot
in any length.

3.8.2. Square or Rectangular Bar

3.8.2.1. Definition. Bar - any straight product with a rectangular
cross-section 0.187 inch or more thick and less than 5 inches wide.

3.8.2.2. Dimensions. Unless otherwise specified, forged or rolled, square

and rectangular shapes shall have the following tolerances:

Thickness Length width
+ 0.025 inch or + 5% + 0.125 inch + 0.125 inch

whichever is less

3.8.2.3. Straightness of Bar. Maximum deviation shall be 0.050 inch per
foot in any length.

3.9. Reports. The manufacturer shall supply at least three copies of

a report showing non-proprietary manufacturing methods, processing con-
ditions, and test procedures and results for each lot of material in the
shipment. The report shall also include the number of the specification
and the purchase order or contract number.

4. MAXIMUM ALLOWABLE DISCONTINUITIES

4.1. General. The finished product shall be visibly free from oxide or
scale of any nature, grease, oil, residual lubricants,.and other extrane-
ous materials. Cracks, laps, seams, gouges, and fins shall be unaccept-
able. |

4,2, Porosity and Inclusions. Indications of internal porosity and
non-metallic inclusions greater than 0.020 inch or 3% of the thickness,
whichever is smaller, shall be unacceptable. Those indications in the
range 0,010 inch to 0.020 inch or 2% of the thickness or diameter, which-
ever is smaller, shall be a minimum of 0.500 inch apart; those indica-
tions less than 0.010 inch shall be a minimum of 0.12 inch apart.

201~
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0.125 to 0.281

Over
Over
Over
Over
Over
Over
Over
Over
Over
Over
Over

PERMISSIBLE DIMENSIONAL VARIATIONS FOR ROUND BAR

0.281
0.406
0.625
0.875
1.000
1.375
1.500
1.625
2.000
2.500
3.250

Centerless

Diameter
~Lnches

to
to
to
to
to
to
to
to
to
to
to

Ground Rounds

0.406
0.625
0.875
1.000
1.375
1.500
1.625
2.000
2.500
3.250
3.500

'0.0625 to 2.0

‘' QOver 2.0

+++++ A+t

-+
o+

TABLE 11

Diameter
Variation
Inch

0.002, - 0.002
0.010, - C.005
0.010, - 0.005
0.015, - 0.005
0.020, - 0.005
0.020, - 0,010
0.020, - 0.015
0.025, - 0.015
0.030, - 0.030
0,032, - 0.032
0.032, - 0.032
0.045, - 0.045
0,002, - Q.002
0.003, - 0,002

Out-of-Roundness
Inch

0.004
0,008
0,012
0.015
0.015
0.018
0.020
0.020
0.025
0.025
0.027
0.040
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BAR AND ROD: Columbium-1% Zirconium
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4.3. Surface Rework. All surface pores, gouges, and other defects deeper
than 0.005 inch or 3% of the thickness, whichever is smaller, shall be un-
acceptable. Surface imperfections may be faired smooth to remove any
notch effect provided dimensional tolerances are still maintained

5. QUALITY ASSURANCE PROVISIONS

5.1, Vendor Responsibility. The manufacturer shall make all tests and
inspections of the material covered by this specification before ship-
ment, unless otherwise specified. All test and inspection results shall

be furnished to the purchaser.

5.2. Customer Review. The purchaser or his representative may witness
the testing and inspection of the material. The manufacturer shall give
the purchaser ample notice of the time and place of designated tests.

If the purchaser's representative is not present at this time and a new
date is not set, the requirement for purchaser's inspection at the place
of testing is waived. When the purchaser's representative is present

at the appointed time and place, the manufacturer shall afford him, with-
out charge, all reasonable facilities to assure that the material is being
furnished in accordance with this specification. This inspection shall
not interfere unnecessarily with production operations.

5.3. Sample Selecticn. Care shall be exercised to insure that the sam-
ples selected for testing and chemical analyses are representative of the
material and uncontaminated by the sampling procedure. Samples for the
determination of mechanical properties shall be selected so as to consume
a minimum amount of material, i.e., samples may be taken transverse to
the final working direction from bar of sufficient width or from bar
greater than 2 inches in diameter. If there is any question about the
sampling technique or the analysis, the methods for sampling and analysis
shall be those agreed to by the buyer and seller. The location of test
samples shall be reported in the certificate of compliance.

5.4. Test Methods

5.4.1. Chemical Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements. Disputes shall be settled by accepted referee
methods, such as the ASTM 'Methods for Chemical Analysis of Reactor and

Commercial Columbium'.

-203-
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' 5.4.3. Stress-Rupture Test.

- PAGE 10 or l4

BAR AND ROD: Columbium-1% Zirconium

Alloy

- CONTINUED

DATE

29 Nov.

1964 01-0052-00-B

5;4.2. Tengile Test.

with ASTM Designation E8-57T,
Materials'. Yield strength sha
od. The tensile properties shall be
0.005 inch per inch per minute up to 0.6%

The tension test shall be conducted in accordance

or minus 0.02 inch, per inch per minute to fracture.

be determined by mutually acceptable testing techniques.

"Methods of Tension Testing of Metallic

11 be determined by the offset (0.2%) meth-
determined using a strain rate of
offset and then 0.05 inch, plus

Stress-rupture properties of specimens shall

Suggested test-

. ing techniques for determining stress-rupture properties are:

Specimens shall be tested in a vacuum of 1 x 1076 torr or
better. The vacuum system shall incorporate an optically
tight liquid nitrogen cold trap or a getter-ion pump.

Specimens shall be held for a half hour at the test tempera-
ture before application of load.

Test temperature shall be maintained at plus or minus 10°F
during the test.

5.4.4. Grain Size. Grain size determinations shall be made according to
ASTM Specification E112-61, "Estimating the Average Grain Size of_Metals."

5.5. Number of Tests Reguired;
finished product representing each

be taken to determine conformity to this specification.
frequency of these tests shall be:

Representative test specimens from the
ingot and each lot of material shall

The minimum

Finished Product Chemistry - one per lot per ingot

Tensile Teet - two per lot per ingot

Stress-Rupture Test =~ two per lot per ingot

Grain Size -~

two per lot per ingot

Microhardness Traverse - one Ler lot per ingot

Hardness Test

one per lot per ingot

-20a -
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5.6. Retest and Rework

5.6.1. Surface Contamination. Any sample or specimen exhibiting obvious
surface contamination or improper preparation which disqualifies it as a
truly representative sample shall be replaced with a new sample.

5;6.2. Rework. If inspection and test results of a lot do not conform

' to the requirements of this specification, the lot may be reworked at

the option of the manufacturer. The lot shall be acceptable if all test
results, after reworking, conform to this specification.

5.7. Inspection

5.7.1. Methods of Inspection

5.7.1.1. Radiographic. Whenever specified, the product shall be radio-
graphed and found free of porosity and inclusions as specified in para-
graph 4.2 using the technique described in AMS 2635, '"Radiographic Inspec-
tion". The radiographs and product shall be identified so the exact posi-

tion of each radiograph can be correlated with the specific area on the

particular product.

5.7.1.2. Ultrasonic. All material 0.125-inch diameter and larger shall
be inspected ultrasonically.

5.7.1.2.1. Method and Equipment. The finished products shall be ultra-
sonically inspected by the immersed technique at 5 mc or above. Trans-
ducers shall be no larger than 0.75-inch diameter. Surface finishes shall
be no rougher than 125 rms. Inspection shall be by longitudinal wave
and by shear wave in two perpendicular directions, i.e., longitudinal
and transverse and shall be with focused transducers appropriate to the
diameter being inspected (360 degree transducers are allowable where
appropriate). Automatic equipment which traverses a spiral path is
satisfactory; but three traverses shall be made, one with the trans-
ducer in the circumferential shear position, one with the transducer

in the axial shear position, and one with the transducer in the longi-
tudinal wave position, unless otherwise specified.

5.7.1.2.2. Calibration of Bar and Rod. Calibration shall be on notches
and holes in a segment of the material reserved solely for calibration
purposes or in a calibration specimen of similar nature and shape. The
depth of the notches shall be 3% of the bar thickness, 1.5% of the rod
diameter, or 0.005 inch, whichever is smaller; the width, no greater
than depth; the length, greater than beam width. The notches shall be
placed perpendicular to the direction of the shear wave beam and per-
pendicular to the surface, e.g., axial and circumferential notches on
bar. In addition to the notches, a 0.020-inch diameter hole shall be

-205-
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made at least 0,5-inch deep in the calibration piece parallel to the
gurface at a distance from the surface of 1/2 the thickness or diameter
or, if the thickness exceeds 0.750 inch, 1/4, 1/2 and 3/4 the thick-
ness. Calibration settings to achieve 80% amplitude of these notches
or holes along with the magnitude of the other applicable calibration
‘defects shall be recorded. For example, on bar with shear wave, the
notch on the near surface should be set at 80% and the amplitudes re-
corded for the indications from the hole and the notch:on the far surface.
‘Gain settings should be recorded to achieve 80% as above and 80% on each
of the other applicable calibration defects. For longitudinal wave, only
the 0.020-inch diameter holes, with additional holes at 1/4 and 1/2 the
thickness if the thickness exceeds 0.750-inch shall be used for calibra-
. tion. :

5.7.1.2.3. Evaluation. Evaluation during inspection shall be made
against the appropriate calibration defect. For example, on bar with
shear wave, the defects on or near the far surface shall be compared to
the calibration from the far surface notch; defects near the center shall
be compared to the calibration from the hole at the appropriate depth;
defects on the near surface shall be compared to the calibration from the
near surface notches.

5.7.1.2.4. Reports. The ultrasonic inspection report shall contain
the equipment serial numbers, calibration amplitudes and gain settings,
and the amplitude and location of each defect whose amplitude is 60%
or greater. ‘ : :

5.7.1.2.5. Rejection. The above procedure shall be. followed and indi-
cations of defects which exceed the magnitude obtained from the appro-
priate calibrated notch in the sample shall be cause for rejection, un-
less otherwise agreed by the purchaser and vendor.

5.7.1.3. Penetrant Inspection. The exterior surface of the product
shall be penetrant inspected and found free of flaws as specified in
paragraph 4.3 using AMS 26453, ''Fluorescent Penetrant Inspection.'" All
parts thus inspected shall be marked with ink stamps as described in

the specification; impression stampings or etching shall be unacceptable.

5.7.1.4. Reports. The manufacturer shall supply at least three copies
of a report showing inspection results for each lot of material in the
shipment. The report shall also include the number of the specification
and the purchase order or contract number.

5.8. Rejection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless

- 206 -
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otherwise specified, rejected material may be returned to the manufacturer
at the manufacturer's expense if the purchaser does not receive other in-
structions for disposition within three weeks after notice of rejection.

5.9. Referee. If the manufacturer and the purchaser disagree about
the conformance of the material to the requirements of this specifica-
tion or any special test specified by the purchaser, a mutually accept-
able referee's test shall be used to determine conformance.

6. PREPARATION FOR DELIVERY

6.1. TIdentification. Each bundle, box, or carton shall be legibly and
conspicuously marked or tagged with the number of this specification,
purchase order or contract number, type, ingot number, lot number, nom-
inal size, and the gross, net, and tare weights. When each bundle, box
or carton consists of components from more than one ingot number or lot
number, each component shall be identified individually.

6.2. Packing. Each individual item shall be wrapped in heavy gauge
polyethylene film or similar material and packed in a manner assuring
safe delivery when properly transported by any common carrier.

7. DEFINITIONS

7.1, Lot.- A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in
which temperatures may reach 500°F or above. When process temperatures
and environments are closely controlled or when closely adjacent sizes
receive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has been
obtained from the General Electric Company. '

7.2. Check Analysis. An analysis may be requested by the purchaser
of the metal after it has been processed into finished millsforms, to
verify the composition within a heat or lot. Check analysis tolerances
do not broaden the specified heat analysis requiremeénts butrather cover
variations between laboratories in the measurement of the chemical con-

tent.

7.3, Significance of Numerical Limits. For determining compliance with
the specified limits for requirements of the properties listed below, an
observed value or a calculated value shall be rounded off using the
rounding-off method in ASTM Designation E29-58T, ''Recommended Practices
for Designating Significant Places in Specified Limiting Values."

-207-
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- Test

Chemic#I composition and di-
mensional tolerances (when
expressed decimally) ‘
vTehsile strength

Elongation

Rupture life

Rounded-Off Unit for

Observed or Calculated Value

Nearest unit in the last right-

hand place

specified limit

Nearest 100 psi

Nearest 1%

Nearest 0.1 hour

~208-
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The following exi:eptions to specification No. 01-0052-00-B are applicable:l

ment for carbon and oxygen content in Table I is deleted.

| Paragraph 3.5.2. Final Product Composition - Minimum analyses require- '

| Paragraph 3.5.3. Check Analysis - Minimum limit requirement is deleted. .

Paragraph 3.7.1., Room Temperature Tensile Properties - Minimum ultimate
tensile etrength and minimum 0.2% yield strength requirement are deleted. .

Paragraph 3.7.2. Stress-Rupture requirement is deleted.

‘Paragraph 5.4,3. Stress-Rupture requirement is deleted.

Paragraph 5.7.1.1. Radiographic requirement is deleted.

All items shall clearly be identified with the specification number

01-0052-01-B.
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1. SCOPE

1.1. Scope. This specification covers columbium-1% zirconium alloy in

sheet, plate, and strip form intended for high temperature structural
applications and alkali metal containment.

2. APPLICABLE DOCUMENTS

2.1. Government Documents. None

2.2. Non-Government Documents

ASTM Designation E8-57T
(26 December 1957)

ASTM Designation E29-58T
(1958)

ASTM Designation (Pending)

ASTM E112-61
(1961)

AMS 2242A
(1 December 1950)

AMS 2635
(15 August 1958)

AMS 2645
(1 March 1955)

AMS 2646
(1 March 1955)

MAB-176-M
(6 September 1961)

~21i-

Method of Tension Testing of
Metallic Materials C

Recommended Practices for Des-
ignating Significant Places in
Specified Limiting Values

Methods for Chemical Analysis
of Reactor and Commercial
Columbium

Estimating Average Grain Size
of Metals

Tolerances, Corrosion and Heat

Resistant Sheet, Strip and Plate

Radiographic Inspection

Fluorescent Penetrant Inspec-
tion

Contrast Dye Penetrant Inspec-
tion '

Evaluation Test Methods for
Refractory Metal Sheet Mater-
ials
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3. REQUIREMENTS

3.1. Acknowledgments. The vendor shall mention this specification in all
quotations and all purchase order acknowledgments.

3.2. Manufacture. Material covered by this specification shall be made
from ingots which have been double vacuum melted by the electron beam
and/or consumable electrode arc melting-processes. Breakdown operations
shall be performed with conventional extrusion, forging and rolling equip-

- ment normally found in primary ferrous and nonferrous plants.

3.3. Processing. The starting stock size, processing temperatures per-
centages of reduction, in-process annealing temperatures and times shall be
selected by the vendor to achieve the grain size range specified in para-
graph 3.6 and mechanical properties specified in paragraph 3.7. After the
final reduction, the finished product shall be given a final vacuum anneal
for one hour at a minimum temperature of 2200°F. The amount of total re-
duction from the turned ingot to the finished product shall exceed 75%;

the amount of final reduction since the last recrystallization anneal and
prior to the final recrystallization anneal shall exceed 30%. The amount
of final reduction for each mill product, imparted just prior to the final
vacuum heat treatment, and the total reduction-since the last recrystalliza-
tion anneal shall be reported in the certificate of compliance.

3.4. Condition

3.4.1. General. The finished product shall be supplied in the recrys-
tallized condition throughout the cross-sectional area to the grain size
range specified in paragraph 3.6.

3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum
of less than 1 x 10-5 torr. ‘All mill products to be annealed shall be
thoroughly degreased, chemically cleaned and protected from furnace parts
by a layer of fresh tantalum, columbium or Cb-1Zr alloy foil 0.002-inch
thick or greater. When annealing is carried out in a vacuum greater
than 1 x 10-3 torr, with the prior approval of the purchaser, all mill
products shall be enclosed in a chemically cleaned tantalum, columbium
or Cb=1Zr alloy retort or wrapped in a minimum of two layers of fresh
tantalum, columbium or Cb-1Zr alloy foil 0.002-inch thick or greater.
The conditions of final annealing shall be reported in the certificate
of compliance.

3.4.3, Contamination. All items are to be free of contamination or
internal oxidation. After final heat treatment, the material shall be
examined metallographically for evidence of possible contamination.
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within the specified dimensions and tolerances.

3.5, Chemical Composition

3,5.1. Ingot/Billet Composition.

and billets for conversion to finished pr
I (page 5). A minimum of four analyses s
ingot top-center, mid-radius and edge, and ingot bottom-center; all

all show a hardness increase not
enter to the surface of a cross sectional
At the discretion of the purchaser, sam-
t one surface of the final product, and
analyzed by the pur-
The analyses shall
Any indication of
rejection of all material represented
ntaminated

The chemical composition of ingots
oducts shall conform to Table
hall be obtained as follows:

analyses must conform to ranges stated in Table I.

3,5.2. Final Product Composition.

shall be considered the chemical analyses for products supplied under
, except carbon, oxygen, nitrogen and hy-

this specification (Table I)
ed product.

drogen content which shall be determined on the finish

3.5.3. Check Analysis.

Finished product analysis shall not exceed

the following limits or variations:

Check Analysis

Element Limits, ppm
Min.  Max.
Carbon 50 200
Oxygen 100 300
Nitrogen -- 100
Hydrogen -- 10

3.6. Grain Size. The grain size of the final products shall conform

to the following limits:

~Zi4-

The manufacturer's ingot analyses

Permissible Variations
in Check Analysis, ppm

pace 4 or 16
NO.
29 Nov. 1965 01-0053-00-B

caused by unsatisfactory heat treating atmospheres or processing condi-
tions. A microhardness traverse sh
greater than 50 VHN from the c
sample of the final product.

ples taken to include at leas
not exceeding 0.050-inch thick, may be chemically
chaser for oxygen, nitrogen, hydrogen and carbon.
not exceed the limits set forth in paragraph 3.5.3.
contamination shall be cause for
by that sample. The material shall be acceptable if the co
layer is completely eliminated before shipment by a machining operation

s
s
x

+

10
20
10

2
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TABLE I .

Element

Carbon
Nitrogen
Oxygen
Hydrogen
Zirconium
Iron
Tantalum
'Titanium
Silicon

Boron
Tungsten
Molybdenum
Cadmium
Cobalt
Lead
Manganese
Nickel
Vanadium
Hafnium
Columbium,. by
difference

CHEMICAL COMPOSITION

COLQMQIUM-;%xZIRCONIUM ALLOY

Minimum Content

ppm

/o

98n5 w/o

Maximum Content
ppm

200
‘100
300

10

1.2 W/,
50

1000
200
100

2
200

200

5
30
50
50
50
50

100
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Allowable Sprea '
Product Minimum Allowable in ASTM Grain Size % Ry
Thickness, Inches ASTM Grain Size No. Nos. in Any One Item Minimum
0.010 to 0.060 6 2 100 .
0.060 to 0.125 4 2 100
0.125 to 0.187 4 2 100
0.187 to 0.500 3 3 95
0.500 to 1.0 3 3 - 95
Greater than 1,0 3 3 90

3.7. Mechanical Properties. The final product shall satisfy the fol-
lowing mechanical property requirements:

3.7.1. Room Temperature Tensile Properties. Representative samples of
the material in final form shall be capable of the following property
limits at room temperature (65°-85°F):

Ultimate Tensile 0.2% Yield Elong., %

Strength, ksi Strength, ksi in 2 Inches
Minimum Maximum Minimum Maximum Minimum
For sheet less than 0.187" thick
40 75 30 60 20

For plate 0.187" thick or greater
35 75 25 60 20

3.7.2. Stress-to-Rupture Tests. The material shall be capable of achiev-
ing the following stress~-rupture life under suitable environmental condi-
tions (see paragraph 5.4,3.). '

Minimum Life

Iest Temp,, °F Stress, ksi _ Hours
2000 10 5

Chemical analysis of stress-rupture specimens after test shall demon-
strate that the degree of environmental contamination did not exceed
the following limits: total increase in oxygen plus nitrogen content--
less than 100 ppm; increase in hydrogen content--less than 5 ppm; in-
crease in carbon content--less than 10 ppm, The following limits shall
apply to check analyses of the analytical results,
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SHEET, PLATE, AND STRIP: Cdlumbium-l% DATE NO.
Zirconium Alloy - GONTINUED | 29 Nov. 1965 01-0053-00-B
Carbon + 10 ppm
Oxygen + 50 ppm
Nitrogen + 50 ppm
Hydrogen + 2 ppm

3.7.3. Bend Ductility. Representative samples of the materials in
final form shall withstand the following bend test at room temperature
without failure when tested according to procedures described in the
most recent revision of the Materials Advisory Board report MAB-176M,
"Evaluation Test Methods for Refractory Metal Sheet Materials.'" The
samples shall be sectioned with the long axis of the bend specimens
perpendicular to the final rolling direction.

3.7.3.1. Sheet 0.060 inch inthickness and under shall be bent over
a 1T radius through 105° at a ram speed of 1 inch per minute and sub-
sequently flattened for a total bend of 180°.

3.7.3.2. Sheet over 0.060 inch to 0.187 inch in thickness shall be
bent over a 1T radius through 105° at a ram speed of 1 inch per minute.

3.7.4. Hardness. Rockwell hardness tests shall be made on all products

greater than 0.015 inch thick; the Rockwell hardness number shall not
exceed B-90 in the heat treated condition.

3.8. Tolerances

3.8.1. Plate.

3.8.1.1. Definition. Plate includes material 6 inches wide or over
and 0.187 inch or more in thickness.

3,8.1.2. Dimensions. Plate dimensions shall conform to the following
tolerances:

Thickness ‘ Width Length
+ 0.025 inch or + 5% + 0.125 inch + 0.125 inch

whichever 1s less

3.8.1.3. Flatness. Flatness tolerances on plate shall confom to
AMS 2242A, "Tolerances, Corrosion and Heat Resistant Sheet, Strip and
Plate."

-217-




SP 1073 A

PAGE 8 OF 16

SHEET, PLATE, AND STRIP: Columbium-1% DATE NO.

Zirconium Alloy - ONTINUED |99 Nov, 1965 01-0053-00-B

3.8.2. Sheet

3.8.2.1. Definition. Sheet includes material 6 inches wide or over and
up to 0.187 inch in thickness.

3.8.2.2. Dimensions. Sheet dimensions shall conform to those presented
in Table II.

3.8.2.3. Flatness. See paragraph 3.8.3.3.

3.8.3. Strip

3.8.3.1. Definition. Strip includes material less than 6 inches wide
and up to 0.187 inch in thickness.

3.8.3.2. Dimensions. Strip dimensions shall conform to those pre-
sented in Table II. ’

3.8.3.3. Flatness. Total deviation from flatness of sheet and strip
shall not exceed 6% as determined by the formula:

% x 100 = 9% Flatness Deviation
where:
H = maximum distance from a flat reference surface
and
1 = minimum distance from this point to the point of

contact with the reference surface.

The actual values shall be reported. In determining flatness, the sheet
shall not be subject to external pressure at any point but shall lie
freely on a flat surface during measurement. Oilcanning will be re-
ported. An estimate of the extent (area, height, etc.,) of these de-
fects shall be made.

3.9. Reports. The manufacturer shall supply at least three copies of

a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results for each lot of material

in the shipment. The report shall also include the number of the speci-
fication and the purchase order or contract number.
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TABLE II

DIMENSIONAL TOLERANCES FOR SHEET AND STRIP

Material Width Thickness
Thickness, Inch Inches Tolerances, Inch
0.010-0.019 to 24 + 0.001
0.020-0.039 to 24 + 0.0015
0.040-0.059 to 24 + 0.002
0.060-0.089 to 24 + 0.003
0.090-0.129 to 24 + 0.004
0.130-0.159 to 24 + 0.005
0.160-0.187 ‘ to 24 + 0.010
Material Width
Thickness, Inch Tolerances, Inch
0.010-0.059 + 0.031, -0
0.060-0.125 + 0.046, -0
0.126-0.187 + 0.125, -0
Material Length
Thickness, Inch Tolerances, Inch
0.01b-0.059 + 0.046, -0
0.060-0.125 + 0.062, -0
0.126-0.187 + 0,125, -0
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4. MAXIMUM ALLOWABLE DISCONTINUITIES

4.1. General. The finished product shall be visibly free from oxide
or scale of any nature, grease, oil residual lubricants, and other ex-
traneous materials. Cracks, laps, seams, gouges and fins shall be un-
acceptable.

4.2. Porosity and Inclusions. Indications of internal porosity and non-
metallic inclusions greater than 0.020 inch or 3% of the thickness, which-
ever is smaller, shall be unacceptable. Those indications in the range
0.010 inch to 0.020 inch or 2% of the thickness, whichever is smaller,
shall be a minimum of 0.50 inch apart; those indications less than 0.010
inch shall be a minimum of 0.12 inch apart.

4,3, Surface Rework. All surface pores, gouges, and other defects
deeper than 0.005 inch or 3% of the thickness, whichever is smaller,
ghall be unacceptable. Surface imperfections may be falred smooth
to remove any notch effect provided dimensional tolerances are still
maintained.

5. QUALITY ASSURANCE PROVISIONS

5.1. Vendor Responsibility. The manufacturer shall make all tests and
inspections of the material covered by this specification before ship-
ment, unless otherwise specified. All test and inspection results shall
be furnished to the purchaser.

5.2. Customer Review. The purchaser or his representative may wit-
ness the testing and inspection of the material. The manufacturer shall
glve the purchaser ample notice of the time and place of designated
tests. If the purchaser's representative is not present at this time
and a new date is not set, the requirement for purchaser's inspection
at the place of testing is waived. When the purchaser's representative
is present at the appointed time and place, the manufacturer shall
afford him, without charge, all reasonable facilities to assure that
the material is being furnished in accordance with this specification.
This inspection shall not interfere unnecessarily with production oper-
ations.

5.3. Sample Selection. Care shall be exercised to insure that the
gsamples selected for testing and chemical analyses are representative
of the material and uncontaminated by the sampling procedure. Samples
for the determination of mechanical properties shall be selected so

as to consume a minimum amount of material, i.e., specimens may be
taken transverse to the final working direction from plate and sheet

-
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